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ABSTRACT ^ 

This longitudinal study examines the early stages of 
language acquisition in four first-born infants f rbp birth to two 
years. Selected aspects of vocal-verbal behavior exhibited by the 
children and their parents were examineyi. Home and laboratory 
recordings, diaries, interviews, and develo^ental observation were 
principal data sources. Sub§tudies concentrating on the first 24 
weeks of life included analyses of (1) fundamental frequency 
characteristics of nondistress vocalizations; (2) the evolution of 
prototype conversations; and (3) the perceptual and acoustic 
attributes of infant vocalization. The children displayed a rich and 
varied sound repertoire which seems to parallel changing aspects of 
evolving sensory-motor behaviors. Parent child-directed language 
appears to have different functions depending on such factors as the 
child's developmental level and the parents' perception of abilities 
and preferences. Preliminary findings indicate that in-depth 
examination of small numbers of children in a variety of interactive 
and non-social settings (including the home) needs to begin within 
the first month of life so that a large body of data, available for 
repeated scrutiny, can be generated. (Author/MS) 
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Language. Acquisition.: fsome Acotastic arid Interactive Aspects 

t of hlnfahcy ^ - 



Early stages, of language acquisition for • four first-born - 
rinfalnts". were" studied iii a longitudinal paradigm from birth to tWo 
yea^'S, 'Me1:hod6l6gica]J ^and ^contentive goals included, examin^ition 
•cf^selected aspect3*o.fl vocal-verbal behavior exhibited by the chil-^ 
dren and their parents . . Home and laboratory recordings;, diaries, 
interview, and develoifcmental observation were principal data sources 
Substudies cohcentrat'lng on the first twfenty-fpur weeks of life in- 
ycluded analyses of .Clj) fundamental frequency characteristics of 
/nondistress vocalizattons , .(2,) thq evolution of prototype 'conversa- 
tions, (3) percepti^lJ and acoustic a^ttributes of infa|lt vocalization 
The children displayed a rich and varied' sound repertbire which 
seems to parall'el changing^ aspects of evolving sensory-motor be- 
haviprs.^ Parent child-direttec^ language appears to hav6 different 
functions' depending 6n such factors as the child's developmental 
.level and the parents • perception of abilities and preferences. In 
response to when, where, and hpw to begin the study of language 'ac- 
quisition, preliminapry findings indicate that in-depth examination 
of small numbers of children' in a variety of interactive and non- 
soqial milieus needs to begin at the beginning generating detailed 
records that are available for repeated scrutiny. (Current status 
— continuing) 
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INTRODUCTION 



• . Young children, studied fro^ tbe earliest; phases of 
development provide a cogent testing ground for' hypotheses 
related to individual and environmental determinants of ^ 
language acquisition. Historically, interest . I'n the onto- 
genesis of language has involved examination' of the sensory- 
motor period encompassing approximately the first 18. to 
24 months pf life (Piaget, 1952). During this time in 
which the child is being integrated into a social wprld, 
he is an active, creative and -unique individual . wh© be- 
comes involved in reciprocal interactions with others --and 
subsequent mutual regulation; Ultimately language be- 
comes the most e'ffective and efficient vehicle por the 
child's social co'mmunica tion /Levi-Stratiss , :19fc6) and his 
own self-regulation (Luria, 1961). ' . - 

9 

" * , ■ ■' 

In considering the probleni of where/ when, and how 
to begin the study of language acquisition, ' it was* con- 
cluded that sound production has the critical criterial 
atti^ibute of continuity; that is, sound prqduotioh features 
can be traced fr'b^m their point of origin ab birth through 
the developmental period. An early and still \iseful method 
of observing phonological development consisted\of. diaries 
provided primarily by linguists (Leopold, 1939-1949-,^ 1961 ; • 
Velten, 1943; Lewis, 1951, 1959) which cpntained a^hecdotal 
records* V7ith the exception of Nakazima . ( 1962 , 1966, 1970, . 
1972), Oiler, et al^, ( 1974 ) , Stampe (1972) and Delack 
(1975), theoretical models of the evolution Of the 'phono- 
logical system which include ' prelinguis tic ' vocal behavior 
have remained without empirical support . 

jakobson (1968/1941), Shavaihkin (1973/1948)., ^nd 
Nakazima (1972) represent a discontinuity position-? ^ they 
proposed that" there is a clear differentiation between 
nonlinguistic and linguistic sound production. The dis- 
continuity 'has been expressed as prephonemic/prosodic 
versus phonemic stages, involuntary versus volunta/y, 
lack of constraints associated with the absence of |*'rul 
versus "rule-governed" occurrences, etc. The cohtinuity 
stance has been advocated by McCarthy (1952), Murai (1963 )', 
and more recently, by Oiler, etVl- (1974) and Delack '(1975) 
The position assumed for the present investigation's that 
. there are both continuous and discontinuous featureis or 
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patterrfs evident as a child progresses from vocairzation 
to verbalization. These .patterns might best b.e revealed 
through -^systema tic observation and ^detailed analysis of 
phonetic^ variations and/th'eir as^ciated fu/fTCtion and 
context. I f ' \^ ^ 

Lar^e scale cross-sectional and longitudinal norma- 
tive inve J^tj.iga tions including many children allowed for 
specif icktiilon of the milestones for acquisition of various 
specif ic -mt^Wsurable skills (Gesell et al., 1940; Templin, 
1957; Bayl^^, 1969.; Irwin, 1947a, 1947b, 1947c, 1947d, 
1948) . Thiaj^p contributed significant and necessary norma- 
tive inf orn^i-ion . At present, we see an increasing ten- 
dency to re^rn to studies involving small n^imbers pf 
children designed to explore and describe the details of 
change in vo<j&r-verbal b'fehavior which allow foi: a process 
iriterpretati^. (Nakazima,'.1952, 1966, 1970, 1972; Oiler, 
et al., r974||^pelack, 1975; Peters, 1975) . The present ' 
inyes tiga"tiori|\f/as designed om the basis of an approach to - 
d^li-n^ the-g^iW^sis of individual differences, to describe 
qualitative ary^' quarnti tat ive differences between stages, 
and' to examin^* interaction variables which exert direct 
and irfcJirject iqf luences..jan children as they proceed from 
producing. lingv[jis tically noi|fceaningful utterances to their 
establishment language use in interpersonal communica- 
tion. We' have' VS' complex, time-consuming, and expensive 
task in speci fy^ng the continuous and discontinuous fea- 
tures '.of the prqfdpsses and behaviors under scrutiny. . 

Four f uncJMiental interdependent question^ are in- 
volved in our stj^^^y of infant behavior: • (1) What factors 
^otivate or impe.Mthe infant to vocalize? ' (2) What are the 
•features of inf af;^m\^vocalization and how do they change ov^r 
time? (3) What aj|k the factors that determine the features 
^ of infant vqcaliz^ion? and (4) What are the functions of 
vocalization in reML\tion to the child.' s evolving cognitive, 
social, emotional linguistic development? In order to 

begin to answer the^|\ques tions , the objectives . of the 
^lirrent investigat io^Were : (1) to develop a protocol for 
study and analysis orS^\ongitudinal data; (2) to evolve a 
description of some ac«bs and perceptual attr:y^utes of 
infant vocal behavior of language directed to these in- 

fants during the first cbo years of life; and (3) to de- 
scribe some~aspects of parent-child interaction which foste] 
awareness of the communicative process.. The following seC'- 
tions of this re^jrt contain an outline of the preliminary 
protoco"! developed and the general methodology used in data 
collection and reduction. ^ JBackground information, method- 
ology, and results of ^ seven preliminary substudies which 
have been completed vv^ili "be detailed in separate sections 
followed by majq;: conclusions. 



II, PRELIMINARY PROTOCOL' FOR' LONGITUDINAL STUDY 



. .'^ _The protocol developed involves three majop research ' 

are^s includ'ing t'he infant, 'the parents as representing the ' 
child's principal linguistic input, and parent-child inter- 
actjion, • T\\is partitioning is intended for methodological 
organization of the investigation of four couples (and their 
first-born children who are being studied as famiJ/y unitsl^ 

* AV Infant 

\ !• F.undamental frequency characteristics: 0 to 2 years 
a. Objective: To trace the evolution of cohtrastive 

intonation - ^ ■ . ' 
h » Methodology * 

(1) Descriptive statistical analysis of funda- 
mental frequency characteristics -correspond- 
ing to stages of language acquisition from 
its inception during the preverbal ^period 
fol5 four infants with the following specifi- 
cations : ■ 

( a ) Age of the infant ' • ' 

(b ) Recording conditions 
(i) Locale: home, laboratory 

(ii) Social conditions:' infant alone;;, 
parent present, adult other than 
parent present, other ' ^ 

(iii) Stage of development 

( 2 ) Analysis of contour configurations - ' 
v.. Research completed': Descriptive statistical anal- 

ysis of f undaitiental frequency characteristics 
'"for four infants during the fifst 24 weeks of 
life (See Section ''ill A) ' • 

Syllabification 'and segmentation 

a. Objectives 

(1) To examinS^the choice of the phonetic syllable 
as ,a viable unit for description of infant 
vocal behavior 

( 2 ) To specify the characteristics of syllable 
types in relation to the Segmentation prop- 
erties for infant vocal behavior 

(3) To "evolve a description of the evolution of 
the phonological system in relation to syllable 
types , segmental variations , contrastj-ve fea- 
tures and distributional rules 

{A) To evolve a descriptive model of the infant's 
behavior as^he progresises from vocal to verbal 
. utterances 

b. Methodology , 
(l ) Perceptual analysis : judgments of syllabicity 

^ and peak- of prominence made by individuals 
who have received training in lis tening to 
infant vocal behavior; randomly selected non-' 
tress utterances Isampled throughout the 

8 
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"period of study (5'^^to 2 years); acoustic anal- 
"ysrsr spectral di s pi ay s~ o f "non'dtsrtnreBs utter- 
\. anCg^s subjected- to scrutiny for duration, 

prominent resonance structure and ai]iRlitude 
peaks; specification of the correspondence be- ^ 
% tween perceptual and acoustic data 
(2) Perceptual analysis: specification of major 
.^y segmental features through a specially-adapted 
tr» form of segmental transcription used by, trained 

*' judges; acoustic analysis: spectral, display of 
»utterances used to speci fy ' resonance structure, 
occlus'ive .features , and duration; specification 
of tlie correspondence between perceptual and 
acoustic data 

c. Research completed 

(1) Perceptual analysis of infant \(pcalization 
during the first 24 weeks *for four children 
( see Section II I B ) 

(2) Specification of the correspondence between 
the acoustic features for a sample of utter- 
ances from one infant during the first 24, 
weeks of li fe a*nd the perceptual features for 
those vocalizations in relation to syllabi- 
ficatioi^ peaks of prominence, and segmental 
transcription (see Section III C 

(3) Perceptual analysis of infant cry .>^nd noncry 
utterances for one inifent froiT\^ 3 w-eeks through 
3 months of age ( see Section III D)' 

d. Development of ^descriptive model: specification 
( of the first 24 weeks in relation to primitive 

^ syllabification and phonetic exploratory behavior 

(see Section III ) * ■ ' 

if 

. Parent child-directed- language 

1. Objective: To specify the characteristics of the 
linguistic environment for four children from birth 
to 2 years 

a. Specification of syntactic structure for child- 
directed language , ^ 

t). Specification of acoustic-phonetic attributes of 
selected ' aspects of child-directed language 

c. Specification of functions of child-directed 
language 

d. Specification of content of^ ch,ild-directed lan- 
guage 

e. Comparisbn of child-directed language exhibited 
by fathers and mothers 

f. Examination of the effects, of varying experimental 
conditions on parents' child-directed language 

g . Exam in it ion of thc) effects exerted by individual 
int^iirLs on tihe ocruqture, function and content of 
tho ■ r parents/ child-directed language ' 
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2* Methodology 

a* Naturalistic observation and recording of parent^ 
chi Id-directed ^l^ngu home and "I^oratbry 

conditions 

b. Structural analysis of parent child-directed 
language from written transcript 

c. Fundamental frequency analysis of selected sam;gles 
of paren'tS;^ child-directed language derived from 
acoustic analysis ' 

'<i. Segmental phonetic features and timing character- 
istics of^pchrent child-directed language derived 
from -spectral display 
^ e. Developfaent of a taxonomy for description of the 
functions and content of parent child-directed 
language through observation of parent-child 
interaction in home and laboratory conditions 
f . Analysis .of, the effects of individual children 
on the structure, function and content of their 
parents' child-directed language through speci- 
fication of the child's age and stage In relation 
to language, motor, cognitive, and social d€^velop- 
ment. These factors will be used as independent 
* variables. 
3. Research completed 

a. A preliminary analysis of mothers* question forms 
directed to their infants during the first 16 
weeks of life (see Section IV K\ 

b . Structure , function and content of parent child- ^ 
directed language in two experimental conditions: 

a comparison within and among couples (see 
S'ection IV B) . 

The evolution of conversation ' 

!• Purpose: To describe the progression pf parent- 
child conversation from its inception in proto-_ 
type form through verbal dialogue 

2. Methodology ' ^ . 

a. Specification of the timing features of parent- 
child conversations through analysis of pause 
time for interactive utterances 

b. Imitation * 

\ (1) Analysis of acoustic, phonetic, and when appli- \ 
f cable / ^ linguistic features of parent-initiated 

imitatg.ve cycles (parent-child as the minimum 
components of a cycle) 
( 2 ) Analysis of acoustic , phone tic ; a'nd when 
/ applicable, linguistic features of child- 
initiafted imitative cycles (child-parent as 
.minimum components of a cycle) 
■ (3) Arlalysis of the structure and content of 

verbal conversational interchange 
( i) Arui.'/sis of parent-child ^verbal discourse or 
d j.a : ^..yue 

.. . J O 
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jr. Research completed 

a. Pause time features ; 
jEor one Infant, from 

METHODiS OF PROCEPURE. 
A*^ Subject Selection 



,of prototype con^/efsations 
5'^'tQ,./10 weeks of (se^ 




Solicitation for first born infants was- magle through 
recomitxendat ion's from a Vocal obstetrician^^ advertisem^ts in 
;;oipihUnity^ newspapers; f ^d perso^nal acquaintance . A total of 
-.•24 .qouple> we.re contadt'ed. Nine coupl(|s met the prfejLiroif nary 
' »cf'iter i*a which iiacj.uded'' normeil , medipal and psychological * 
histTof'i^S'; norinal '^Tearing sensitivity knd/language functic^n, * 
En,g,liSh as their native language, willingness to part;ici^ate 
in the^ iny^s.t igation, , and the ccjndition that t;he mother was , 
to be the primar'y caretaker. hn initiad i^iat^view was held 
v/ith these couples .during which .the nature^*' of the. study was 
explained and detaEils of^ the ' parents^* respoijsibili ties pre- 
sented. Ihcehtives for participation ^included periodic i&e- • 
A/.elopmental evaluations, procuromedt Oif, a jjr^cord of k,he 
infant's development; and a master audiQ'- tapte recording.^'CortVt 
taining samples -<x>f the infant's utterances^ thrpu^o^i: Ipe 1^ ^ 
first two yearsv FoLlowiTig the initial prenatal'Vinf erview, 
the', couples were-^dvi^ed tp allow gome time to elapse before 
'making, a decision regarding participation. Onjge their de-- 
cision was confirmed, i:^e coupliss^were'seen f 6^ an additional' 
* interview to secure ^bacitgrojand inf ormatioij , ^^^heir attitudes 
toward and experience with children, their ^ expectations^ about 
newborn infants, and th^ •developinental prqcess, and preferences 
in relation to sex of the infant and child-^rearihg practices. 

^The final subject ^election followed the birth of the 
infant.' Although the orientation of the inves tigAtion was 
that of tracing and interrelating individual patterns of be- 
havior, reported sex ddf.ferences in the child deve J.opment . 
^ literature (Lewis, 1971;' Moss, 1967; McCall, 1972; Zelazo, 
1972; Kagan,, 1969; Templin, 1057; Delack, 1975) warranted in- 
clusion of : two males and two females. I'hese four children ^ 
displayed normal pre-, paira-, and postnatal' histories and 
normal hearing sensitivity. They were born - within two weeks 
of the mother's due date and weighed between 5 lbs. and 9 lbs, 
6 o2. The birth dates were September 19,, 1973, October 2, 

1974, December 2^ 1973 and May 21, ^X974. 

■ .If ^ 

The parents were a highly educated group. At the ini- 
tiation of the study, one father had completed his doctoral 
work, two fathei5^ and one mother were dr^ .toral St^Jiients, one 
mother was in the final stages of coiApleting a masters degree, 
one v/as completing a bachelors degree, and one mother had 
two years of tr^^ininf^in hopsital X-ray-.technology . Although 
the original criteria specified that' ttVd mother would not be 
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working .during the period of study and would thus assume the 
, jole of ma^or _caretaker, constraints. necessiJateS - 

that one mother begin working when her daughter waJlO months 
old,^^Due to the time already ihvested. this child was con~^ 
tinu€d in. the study. Through the next 14 months ' she had a 

frSm a'hSfl to a 

full day through which she h^d more continuous contact w^th 
. peers^ than the ^t'her three children. • 

were ins?lt'St.T child/ recording proc^du.res 

f?' ^^'^'^^^^ parent and infant behavior are 
associated with a variety of sources internal and' external to 
the individuals including situat:,on or context (Nelson 1973? 
Korner. 1972 1974; Lewis.. 1972). the presence or aSseAce of' 
observers (Wolff. 1963; Lytton? 1971 1974) arid ^^IT^f 

kHIL "?9lff ''''^ Brackbill/l97S'rBlaueeir:nd>M^^^^^^^^ 

Keni^a. 1961) to name a few. Confidence ±n the validity 
(representation of an adequate sample) and rel lability of the « 
data results from comprehensive and careful observations • 
secured in. a variety of conditions. The sources of data for / 
the investigation included a Lrao.L daily home^ recordings ,1 
diary kept by the parents, weekly 24-hOur logs reporting " the 
mfanfs schedule o^ activities, and audio and Vddeo reload- 4 
ing,s made at the infant laborat6ry every two weeks. -''^'''^'^ 

B. Data Base , ^ . : 

1. Parent Interview ' . ' ' ' 
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, ^ ^ Although the principal investigator arid the parents- 
have had. a runniz^g dialogue throughout conduct .^f this in- 
vestigation forn-.al periodic mtervie^with-bot+i the mother 
l?^^ father^ were scheduled in addit ion to those which" preceeded 
the initiation of recording procedures. These were held a? 
the end of twelve months .and twen-ty-four^ months cf .study for 

^^l couples. The fourth 'infant has no^ yet 

reached his second birthday. The primary purpose of these 
interviews wa^ to secure the parents' impression of the child's 
general status at Chat time.r their view^'qf his/her development 

^fiytion to language. cogWtion, social, motor and emoSal 
growth, their views regarding the conduct of the'.stiidy in te- 
^MlT ^°^^^°^5ing procedures, scheduling. mVntaiaiJag: the .■ 
velop^ent! "' _^>^Pec tations ■ f or t^e next^ pe^ of dd- 

. 2. Home, Conditions , ^ » " 

^a Audio recording: the parenta. were provided with 
a Sony portable cassette rec9rder (Model TC llOA) , tWo micro- 
phones and a supply of tapes which were replenished everv?. two t. 
weeks. Cleaning, operating and recording instructions Wefe V ' 
rev^wed at periodic intervals. Recording samples included ' 
earlt awdKin.,, and pr.-sloep periods, feeding', bathing.'-dres'fe- ' 
ing. tleave ta.<imj, cad play alone as, well as with eac^i parent 



Prior to, "^durin^ or subsequent to a recording, the' 
parents supplied the da^:e; /time, location, activity, and 

-position of ^he infant in additioii to prerecording activity 
(e.g. "ha^ jus-t bfeeil fed**).. The parents seem ► to have- easily 

"Acquired the ability to- a^utomatically and naturally provide 
the a)^ov^ informktion which, from report^,, became ^f a ijrly rou-7 
tine after a br/ell; interval of pr'acjt^ice. The parents have 
also been einc^a^jj^-aged ' to, make c^p^tuti^nte on the tape recordings 
regarding 'their own observations of the child which were 'sub-- 
sequently transcribed in the infant/ s dev.elopmental lo^-book. 

As in past research, the- problems encountered in the 
home recordings involve background noise, microphone distance, 
and microphone noises stemming from the intants-* kicking, 
handling or Seating thb object^hich /early became a target 
that was going to be gotten' in the face of any. adversity, Con^ 
siderabie. data , however , appropriate and adequate for analysis 
have been derived from these tapes;' The home recordings were 
subsequently reduced by the principal investigator according 
to criteria which eliminated long periods of silenc^ (e.g. 
/^\^±er the infant had gone to sleep) and por tions - wi th very^ 
^ ^oo^- signal-to-npise ratios. These tapes were then transcribed,! 
coded by number, and retained as Master Home Tapes,. 

b. Diary and log ; The parents were provided with a 
dated log book in which they placed almost daily notation re- 
garding developmental information involving vocalization, lan- 
guage, motor skills, affective behavior ("g.g. smile, reaction 
' to s t nah.gorri ) , food preferences" and eating habits, illnesses., . 
sleep behavior, trips, visitors, etc. The log was designed to 
'reduce moip.ory constraints and has provided \faluable details 
regarding developmental change which might have slipped intio 
- obscurity. In addition, generally once a week, the parents 
filled out a c;hcck list for. a 24-hour period providing informa-- 
tion a:i to tlio time the cliild spent sleeping, awake, activities 
'when awake (feeding, change" cjiaper , play), people present and 
whether the infant was at homo or out. 

3. Laboratory Condit.ions 

- The infant laboratory has provided a conducive at- 
mosphere for naturalistic observa t ion of infants and their 
parents. It includes a two-way 4'- x 6*- observation window and ^ 
a patch panel with connections for individual iSony Electret 
microphones (ECM 50) worn by the par.ent and by the child. 
Video and audio recording ins'trumenta tion (Teac 1230 recorder, 
Sony mixer MX300, Sony Video Cameras AVC-3200 and 3500, Sony 
Special Effects Glfnerator SEG-1, Sony Video-corder AV 3600) 
were located outs^dQ .the laboratory proper. Subjects J:\a.\fo been 
recorded at two-week intervals .throughout the period of study. 
The conditions included the infant alone periodically and 
dyadic and triadic interactions with the mother,' father or 
^ both parents present. 

A set, of toys and furnishincji appropriate for tho child' s 
developmental level have been provided. For exa^mple, initially, 
a portacrib was present with toys for- a young infant such as 



^ueeze objects, stuffed '^imals, etc.; whereas later, objtects , 
such as telephones, a -table and chair, a toy stove, a play 
crib, tea set, and 'puzzles were in the room. Following each 
session, the infant's weight, rehgth and head circurrft erence 
measurements' were taken as well as two Polaroid pictures, one 
of which was given to the parents. 

In addition to the audio^ and video data derived 
directly from the laboratory /^ther aspects of tHe context 
and supplemejitary information were provided by the principal 
investigator^. A running live commentary of .conditions includ- 
ing infant state, location of principals, gaze behavior, classi- . 
fication of :^omc typos of utterances, observable articulatory 
behavior ,e tc . was recorded on a second channel of the audio 
tape. Both channels were subsequently transcribed, numerically 
coded, .and checked for reliability with the video recording to 
insure cori|ect timing of the commentary. A sample is provided 
in Figure 1. « 

Figure 1. Sample transcription from laboratory sessijon 



(J. 12/3/73; 8.:6 (3 weeks, 6 days); 1:00 p.m.; 22 1/4 inches; 
12 lbs. 4 oz.; awakened at 12:15 p.m. and fed; D indicated a 
directed vocalization, U-an undirected vocalization and Unde- 
termined vocalizations arc unmarked) . . 
(continuation) 

Session (Channel 'A) 
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38. Mother^: 



39. 
40. 



Mother ; 



41. J. 



Mother' 



vocalization (D) 
.1 (cluck ) 

.2 Stick your tongue out? 

.3 (duck, cluck, cluck) 

.4 Oh, J_ , look. 

* « 

.5 (cluck) 
.6 Looky 
.7 (cluck 

vocalization (D) 
.1 Will ya do that? . 
.2 (^luck, cluck) 
.3 Gel your old. tongue 

work in.-. 
.4 Wlnero is 'your tongue? 
. '3 Whe-re is your tongue? 
.6 1 L ' s in there, isn * t i t? 
.7 J .see it. 

voca 1 iza Lion ( U ) 



ri On, whaL * I'hat? 
.2 A f 1 Hf jrjr V ( Laughs ) 
.3 You limi <:iwfiilly big. 
.4 Y'.i- sjaiJo awfully bicf. ' 
, S liow como you have sucl-i 

a big mouth? 
.6 Such a litblo baby. 



Commentary (Chajmel^ B) 
Active alert state looking 



at mother ;/ J 
portacr ib 



supine in 



Mother 
tongue 



sticks out her 



soft; active alert state 



Mother ^uche^ J *5 

tongue and he protrudes 
her finger reflexively 



s left fist to 



to 



mouth 



Mother touches 
fingers 
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As shown in Table 1^ a pr^elininary coding system was 
developed to classify utterances produced^by the parent ancl 
by the infant. 

' • • * 
Table 1. Preliminary classification of infant and parent 
utterances^ for recordings made in the- infant 
laboratory 



A. Infant ^ > • , - . f 
1 . . Spontanoou>' ^ ' - " ^ 

a . Di roc cod ' " ■ 

' b. Undirected ' ' ; " ' " 

* c. Qnde cerinined 
;2. Imitative ^ ' # 

a. . Self-imitation * • . 

b. Reciprocal imitative 

(1) dJo alteration: prosodic and/or phonetic feature 

similarity 

( 2 ) Phonetic alteration : including segmental features , 
sr.prasdcfmental features, ^ reduction and/or ex*^ 
pansion ^ . , / 

( 3 ) Lexical and syntact ic alteration 

B. Parent (mother or father) 

1. Spontaneous • — < 

2. Reciprocal imitative 

a. No alteration { prosbdic^-t>phonetic similarity ) 

b. Alteration 

(1) Phonetic and/or syntactic expansion 

(2) Phonetic and/or syntactic reduction 

3. Self --imi tation { sel f -repetition ) 

a. No alteration ' * • 

b. Lexical alteration 

c. Syntactic alteration 

d. Phonetic alteration / 

Combination • 

C. Reciprocal nonimitative (two part) 

1. Parent-initiated (Parent/child).. 

2. Child-inifiated (Child/parent) 

D. Interactive 

1. Parent initiated { Parent/Child/Parent ) * . 

2. Child initiated (Chxld/Parent/Child ) ^ 



The ^infant's uttoranceb wore first class if ied , as Spontaneous 
or Imitative. V/iLhin the former class,' the utterance was 
further doscrihod Dirc^ctod if the child was in visual con- 
tact with til' lit, r„,/,a behavior is felt to be an important 
sign of attach' if t (Bu-U, 1074; Stern, 1974b; Korner , 1974) and 
orienting ( Rh^J ingo Ld, 1 96 J ; Sokolov, 1963) v/hich provid/*s in- 
formation to t\ic jAiront r'.jqardinq the infant's preferences and 
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capacitie:^ (Blauvelt and McMenna^ 1961) i When the infant's 
vocal izafe/Lon. was' not accomdanied by visual contact with the 
parent, i/t was classified as an Undirected response; however, 
if the cnild was gazing at/ an object or location in the room, 
this wasMusually specified/. An utterance was classified as 
Undetermj-ned if the direct/ion of gaze could not be observed. 
Due to tne level of activity in the laboratory d\j:ing record- 
ing sessions, it was decided that further classification of 
ujterandes could better be accomplished at a later time. The 

;till being revised concurrent with 
DStudies within the major investi- 



c lass if'icat ion sys tern is 
the de^jlgn o*f specific s\ 



gation. 



4 . Developmental / Evaluations : 



\ / ' a. Audiomet>rifc Te siting ; Audiological examinations 
were conducted per iodica^lly within the^ Department of Audiology 
and Speech Sciences under the supervision of Dr. Carl Binnie. 
The principa^l form, of examination initially involved^ observa- 
tion Qf the children's responses to free 'field presentation 
of pufe tones, speech a|nd noico at varying levels (HL;ANSI)\ 

b\ Psychological" Testing ; The Bayley Scales oi 
Infarit Development ( Bayley, 1969 ) were administered to the 
infamts at 8, 16 and 24 months of age by a developmental psy- 
chologist. The Mental] Scale was administered forfe^Q^ly ac-, 
comppnied by informal /observat^i(i»i of motor development . The 
Starlford-Binet Test of Intelli^nce (Terman and Merrill, 1960J 
was /administered to ^wo of the children who exceeded the ceil- 
ing/ for the Baylay ati their 24-month examination. Result^ of 
testing were made av^^ilable to .the princif)al investigator and 
to jihe parents . 



Da ta Rediic t ion 

1. Home Audio Recordings 

Based on conservative average estimates, each family 
roduced apprccc imately 4^ ho^^s of recording every two weeks' 
jsulting in 936 hours of home** tapes for the four f amilies .f^--. > 
jfver the two years. The fourth child has not yet reached his; 
second birthday. TJo date, a total of 324' hours of home re-^ 
:ordings have been r'ecjuced and numerically coded by, the prin- 
cipal inves tigator and fully transcribed . This total includes 
/reduction for one child, through the first year (117 hours), ' 
reduction for one child through %4 w^aJcs*of age (99 houts ) , 
and reduction for two children throuc 
hours ) . 



24 weeks of age C108 
Developmental Master 



2. Home and Laboratory Recordings - 
Tapes ^ ^ 

To examine changes in the- features of infant vocaliza- 
tion. Master Developmental Recordings for the first' Z4 weeks 
.of life have been prepared for each infant from a combination 
of Home Master F^ocordings as specified in the previous section 
and laboratory recordings . The infant * s utterances were 
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isolated from context for these tapes and the following in- • 
formation, accompanied every utterance: (1) source - home or' 
laboratory; (2) original numerical code number; (3) date of 
recording; (4) age of the child in weeks and days; (5) whether 
the infant was alone or with people; 'if another person . 
present, this was indicated; (6)- preliminary description, of 
the features of the vocalization or transcription; and (7) . 
additional special commenjts. These sequential tapes have 
been used in some of the studies to be reported in subsequent 
sections of this re^jort. 
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RESEARCH STATUS: STUDY O-E TH^T INFANT 

A, Study I: Fundamental froguency chara<5teris ties of infant 

'^ondistress vpK:aliza tion during the first twenty- 
^four weeks (Zl^tin, M.A.\ and Horii, Y.) 

1. Introduction / \ 

In ^spoken language, variations in fundamental frequency 
(F^), the" acoustic correlate of vocal fold vibration, serve a 
Unguis tic ^contrastive function. Although numerous individuals 
have indicated that intonation is one qf the ihrst aspects of 

-.the infant ' 3 ' vocal behavior VN^hich shows'^ phonetic drift, i.e., 
language-spe^cif ic features (Lewis, 1951; Lieberman, .1967; 
Menyuk and Bernholtz , .1969 * i.Nlakazima/ 1962) , » empirical support 
is meager. In addition, the literature is :^raught with con-- 
fusion^' as different inves tigator.s employing the same termin- ' ' 
ology, mix levels of descrip„ti6n . Lehiste (1970) exemplifies ; 
the lin^uist^s use of the te/rms tone and intonation to indi-- / - 
cate contractive function o£ Fq at Uie word level and at the . / 

^sentence l^vel respectively. Tonkova-Yampol ' skaya (1969/1973) 
speaks of /the "intonational pattern of cry" and the "intona- 
tion of discomfort (p. 31). Both should be considered in T'e- 
lation to fundamental frequency contour and emotional 
expression, a realm of paralinguis tic features (Crystal, .1975) 
for the adult and nonlinguis tic features f or ' the preyerbal 
child. Description of the evolution of this prosodifc" feature 
necessitates examination of- Fq characteristics displayed ^by 
infants, throughout ^ the m^jor period of phonological develop- 
ment. ^ ^ > * ♦ 

Variations in fundamental frequency are a reflection bf 
complex interactions among neurological, anatomical-physiological 
linguistic, and -paralanguistic factors (Lehiste, 1970; Bollinger, 
1964;. Ohman, r967 Crystal, 1975). From the standpoint of the 
infant, we need to consider in^breasing cortical control over 
vocal output (Delack, 1975; Tonkova -Yampol ' skaya, 1969) during 
the developmental period which eventually result^ in ,his ability 
to "match hear^ pitch variations, to formulate and test hypoth- 
eses regarding Unguis tically-contras.tive contours, but much 
earlier, to re'produce vocal patterns which intrigue jhim. For 
example, prior to six months, infants appear to explore the 
extent of the pitch ran^e their vocal 'folds are capable of pro- , 
ducing. They exhibit concentrated periods of high-^pitch squeals 
and low growling i^ounds (Zlatin, 1975). ' r 

The anatomical and physiologicajL factors ^which influence 
speaking fundamental frequency are most extensive. They include 
•size and ^hape of .the phonatory apparatus, tension of the vocal 
folds, subglottic pressure, lingual articulatory gestures, and 
coupling of the larynx t:o. the vocal tr^ct (Lehiste, 1970) . 
During the first year of life, there ^re major alterations, of 
both the structures and structural relationships in th.e human 
vocal tr£ict . As the ] arynx descends away from the nasopharynx 
(Lieberman, I'yjj; llast, 1970), changes in consistency and shape 



as well as rapid growth in size are manifest (Kirchner, 1970; 
Wind, 1970). Vocal fold length almost doubles (3 mm at birth 
to 5/5 mm at one year)., Concomittantiy , there is differential 
enlargement of the pharyngeal -area and increasing muscular 
stability (Bosma," Truby and Lind, 1,965). Respiratory rates- 
decrease throughput the first year with increasing thoracic 
participation ^nd organization of movement in conjunction with 
phonatory %ctivity (Langlois, Wilder and Baken, 1975). - ' 

One of the earliest 'descriptions ^of Fq characteristics 
for infants was provided by Fairbanks '( 1942 ) • "He examined 
hunger, cries exhibited by one child during the first four months 
t)f life and found a progressive increase in mean Fq from an 
initial frequency of 373 Hz to 585 Hz. With the advent of the 
sound spectrograph,- Lynip (1951) conducted a study of the 
acoustic features associated with vocalizations displayed by . 
one infant from birth through 56 weeks. He made periodic refer- 
ence to fundafmeptal frequency characteristics. * • ^ 

She^pard and Lane (1968). analyzed prosodic features ex- 
hibited, by "two infants from birth'' to five months of age. No 
real f luotuiations o'f Fq within samples during this period was 
shown. Vocal behavior was sampled at specified times during 
the' day when the infants were in a "good recording environment" 
(p. ^8).- During the neonatal period, thd infants were periodi- 
cally placed in private rooms in the hospital, and at home, ♦ 

, samples were collected when the infant was in a plexiglas 
crib. From the description, these two children were always re- 
corded alone. In addition', various types of vocal behavior in- 

^eluding cry or distress sounds and'noncry vocalization were 
collapsed for purposes of analysis. Although the authors do 
not specifically state that this procedure was used, their in- 
terpretation of tho high fundamental frequencies displayed by 
the infants indicated that this was the^case. Other studies 
have rather consistently, revealed higher Fq characteristics 
in association with cry (Lenneberg, Rebelsky and Nichols ,^ 1965 ; 

.Liles, et al., 1974; Prescott, 1975; Swope, et al., 1975). 

To date, the most extensive* analysis' of fundamental f re- ( 
quency characteristics was conducted by Delack ( 1975 ; , Delack 
and Fowlow, 1975) who examined over 11,000 noncry utterances 
exhibited by 19 infants during the first year of life. A range 
of nondistress vocalizations was sampled in varying conditions. 
From spectrographic analysis, the findings indicated tnat the. 
children showed a relatively stable mean value around. 355 Hz 
during this period with a progressive increase of within- ^ 
utterance range. Results additionally showed a sex difference 
in/that females exhibited a higher mean Fq than males, al- 
though overlap was' indicated' for mean values when variability 
was taken, into account (Delack, personal communicat^iefi) . This 
surprising finding was also shown recently in a s1;.udy of cry 
behavior during th.i first 8 wooks of life (Swope, et al, 1975). 
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In contrast with the very early investigation conduct^fd by Fair- 
banks (1942), SwopeSqt al . found that decreased »over the * 
first two months. / ' ^ 

Within the context of thi^ longitudinal investigation of 
phonological development, the purpose of the present study was 
to examine the fundamental frequency characteristics of non- 
dig tress vocalizations exhibited/by four infants during the 
first 24 weeks^ of life. 

2 . ' ^ Method ' . 

The Developmental Master Tape recordings for each of «he • 
four infants were subjected to audio scrutiny.* From the sample 
of 1753- utterances derived 'from the first 24 weeks of observa^ .* 
tion, 787 nondis tress, no/ivegetative vbcalizatiohs were selected 
for acoustic analysis. Utterances were rejected when'thej signal 
to-noise ratio was . unacceptable , ^ when another person vocaflized 
simultaneously-, and when duration was less than 200 msec. .For 
each utterance/ the infant's abe in weeks, source of rjecording 
(home or laboratory), arid situ^itional context were coded. 

The signals were quantified through an analog- to-digital 
converter with 14-bit accuracy and stored on magnetic tape. 
Waveform data, sampled at a rate of 10,000 times/second, was 
used to obtain period-b;\period Fq melody plots (Figure 2 ) . 
In addition to duration \4hich was hand-calculated, the follow-r 
ing descriptive statistic/s for each utterance were computed: 
(1) frequency range in -Ifz, (2) mean Fq in Hz, ' (3) standard 
deviation in Hz, (4) standard deviation in semitones; (5) median 
Fq in Hz, (6) mode. in' Hz, (7) C5 - value in Hz of the 5th per- 
centile, (8) C95 - value in Hz of 95th percentile;* and (9) 
range between C5 an^ Cg5 in semitoneiS. 

Each melody plot was subsequently checked for. possible 
octave errors with 45-cycle narrow-band , spectrographic displays 
(Voiceprint, 700 Series). An errot rate of apprcDcimately 12% 
was associated with four factors. These included utterances 
where the infant's Fq exceeded the specified range, requiring 
redigitization of the signal, instances whe^re the infant ex- 
hibited abrupt shifts in fundamental frequency 'generally within 
less than 100 msec, ins tances where two fundamental modes of 
vibration were evidenced, and utterances associated with the 
presence of subharmonics,. Correction procedures were instituted 
and new descriptive statistics derived. v * ' ' 

3 . ' Results >v * . 

The analysis ot mean Fg ' for pooled data collapsed into 
four-week intervals indicated that the infants displayed little 
variation in fundamental frequency. The descriptive statistics 



*Refer to Section III for subject selection, data collection, 
and data reduction procedures. 
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igure 2. Fq contour (melody .plot ) : Infant J., 3 weekls 2„days, 
undirected vocalization; inflecti^ egressive vocalic 
type; Master . Home Tape' I, #10, infant alone in crib. 
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for the means, plotted? in Figure 3, are presented in Table 2. 
The mean for the period of study was 335 with arrange from 317 

Table 2. Measures of central tendency, and variability for funda- 
mental frequency characteristics of four infants from 
one to t^/enty-four weeks. ^ 

Interval Mean F Median F Mode F s.d. Hz s.d. Semitones 

(weeks) _ . _ _ _ _ ' ► . 

X s.d. X s.d. X s.d. X ^s.d. X s.d.\ 



I 

(1-4) 


317 


38 


.2 


319 


38 


•2. 


329 


48 


.0 


38.-8 


15 


.2 


2 


.24 


0 


.95 


(5-8) 


338 


40 


.8 


338 


39 


.9 


344 ' 


43 


.3 


27.7 


13 


.5 


1 


.40 


0 


.6'6 


III . 


.3 38 


40 


.1 


337 


40 


.9 


346 


43 


.6 


31.2 


15 


.2 


1 


.63 


0 


.79 


•IV 

(13-16) 


339 


41 


.7 


341 


41 


.6 


346 


44 


.8 


30.4 


15 


.5 


1 


.57 


0 


.71 


V . 
(17-20) 


33-/ 


43 


.3 


33'9 


43 


.8 


349 


50 


.4 


33 .3 


14 


.5 


1 


.74 


0 


.75 


VI 

(21-24) 


342 


51 


.5' 


341 


53 


.8 


356 


62 


.5 


37.8 


18 


.0 


1 


.94 


0 


.84 



to 342 Hz. Because of the variability evidenced, it was desirable 
to examine" whetl^ier the mean Fq values were a valid reflection of 
Fq characteristics*. As 'shown in Table 3/ high correlations were 



Tablje 3. Intercorrela tion matrix for measures of Fq character- 
' istics displayed by four infants during the first* 
twenty-four weeks of life. 



Dur . 


Low Fq High Fq Mean 


Median 


Mode 


G5 


G95 


s . d. Range 
Hz (smt) 


s .d. 

smt . 


Dur . 


-.33 -.01 .04 


-.03 


.12 


-.12 


.18 


.30, 


.32 


.29 


Low Fq 


■-.24 .64 


.62 


.41 


.90 


.44 


-.59 


-.82 


-.83 


High Fq 


\ 5 1 


.52 


.54 


•28, 


.57 


.54 


-.14 


.21 


Mean 




.99 


.94 


.86 


.93 


-.04 


-.24 


-.34 


Median 






.94 


.83 


.91 


-.02 


-.22 


-.?1 


Mode 








.68 


.92 


.19 


.01 


-.08 


^5 










.68 


-.50 


-'.69 




C95 












.24 


.06 


-.05 


s . d . Hz 














.88 


.92 


Range 














n 


.97 



( smt ) 



'/I 



19 




III • IV' 
INTERVAL 

and mean lowest Fq (LFq) 



Mean Fq, mean \ighest Fq (HFq 
for four infants over the firit 24 weeks. Each interval 
corrrospnnr]:^: to a four-v/ook pGfiod, thus Interval I 
1-4 weeks , 1 1 --5-8 weeks , o'tc . 
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a'chieved between measures of centra^ tendency. For al-l four irt- 
fants, mean and median values were quite consistent with e^ch 
6then. b4odal value s^t^rTded to be sligj^tly" higher, , 

I Although theire was little alteration in mean Fq, develop—, 
mental changes were n6ted in duration and within-utteran'ceo. range 
and variability* These two measures* show pa patterns 
'through the first 24 week si as depicted in J'igure, 4, Descriptive 
statistics for the range measures aVe present^ in Table 4. 'High * ' 
positive correlations were <^found between rart^e . ancJ var iability . 
Correla4:ions foi> infants were .95, .93, .97, and .79. Furthei^jnore,*. 
each^of the four cfiTldren showed/a dectease of within-utterance ^ - . 
range and variability from Interval I to II. Individual variation, 
which will be discussed^ typified- intervals II, IV, and'V with all 
four children evidencing a rise in both parameters between 21 and ^ 
'24 weeks (from Interval V to VI). Although the ^correlations- were 
not as 'high for duration^ there were positive relationships. 

Table 4. Fundamental frequjency rang^characteris tics for four 

infants' at 4-weeTV- intervals. Variables include lowest 
within-utterance fundamental frequency (LFq), hio^hest n 
wi thin-utterance fundamental frequency (HFo)# frec^uency 
of tjie 5th percentile (C5), frequency of the 95th per- 
centile (C95), and range ir] semitones between C5 and 

- ^ (Rc5-C95^- 

^ )^^o "^o' ^5 ^95 ^ ^ RC5-C95.(s"^t.) 

Interval /_ _ _ ' _ _ 

(weeks) X ' s.d. X s.d. X s.d. X s.d. X s.d. 



I 

(1-4) 


217. 


62 


.2 


412 


75 


.9 


251 


49 


.0 


372^ 


• 54 


.0 


6 


.89 


3 . 


15 


II 
(5-0) ' 


266 


50 


.0 


408 


69 


.8 


'294 


40 


.5 


381 


58 


.5 


4 


.34 ' 


2. 


15 


III 
(9-12) 


247 


52 


.7 


410 


63 


.3 


285 


43 


.6 


382 


°53 


.7 


5 


.07 


2. 


58 


(13-16) 


252 


48 


.4 


413 


t 

.72 


.9 


286 


41 


.4 


283 


' 56 


.7 


4 


.94 


2 . 


34 


V 

(17-20) 


239 


49 


.7 


423 


■ 76 


.2 


281 


44 


.5 


383 


55 


.8 


5 


.33 
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Further analysis of the variables related to within- 
utterance range revealed a high posi-tive correlation ('r=.68) be- 
tween. C5 and. C95, This indicated. that, not only did the children 
vary with iXf5poct to the r range, itself as shown in. the previous 
analysi^<DUt also', they tended to move the t^otal range sirj^altane- 
ously fpr any given utterance up and down the frequency domain. 
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Mean Fq range in semitones, mean st-andard deviation in 
semitones, and mean duration in rrfilliseconds for vocal 
fundamental "frequency characteristics displayed by four 
infants during the first 24 weeks of life. Each. inter- 
val corresponds- to four-w'oek periods. The standard 
deviations ^have-been multiplied by a factor of. 3. 
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Although the correlations between C5 and C95 were positive for all. 
four infants, those evidenced by the two females were higher 
(rc5-C95= .78 and .50) than those for the two maljes (rc5-C95'=- 34 
arid .12) . 

Pooled data reported thus far tends to -mask the variations 
in fundamental frequency fo^: individual infants over the period 
studied. Mean Fq characteristics for each infant are displayed 
in Figure 5. The observed patterns and weekly Changes are in- , . 
eluded in the following section. 

J (Table 5 ) : Sampling of utterances for J began at three 
weeks at which time his mean Fq w-'is 315'Hz (s.d. 20.1). At 4 
weeks, he evidenced a sharp rise to 385 Hz. followed by a drop 
through 9 weeks to 305 Hz. Two subsequent peaks occurred at 13 
and 23 vjeeks with a mean Fq of 380 and 385 respectively. With the • 
exception of thes^ two intervals, Fq varied about J's overall mean 
of 341 Hz (s.d. 21.74) for the sampling period. The lowest mean 
Fo ^t- 20 weeks of 314 Hz was associated with a high preponderance 
of low-pitched growl-like sounds of longer duration than most utter- \ 
ances sampled. ThSse dominated his vocalizations during that period. 
J's wi thin-utterance range closely paralleled his mean Fq data with 
few exceptions. That is, rang'e showed a pattern of dropping^ from 
4 to 6 weeks frojn 6.65 semitones to 2.86 followed^by d progressive 
increase to 7 semitones at weeks 12.^and 13.. J's within-utterance A 
range decreased to 5 semitones which was maintained through 18 1 
weel^s. Thp period between 18 and 24 ,weeks showed an increase in 
range to a high of 10.71 semitones at 22 we^ks of age. Results 
of the correlation analysis indicated that as the upper limits'^in- 
cVeased, J expanded his range (rjiFo'^smt^-^S) ^hereby increasing 
the variability; (^HFq' ^ •^•smt^-^^^ • ' 

M (Table 6): Sampling of fundamental frequency for M, be- 
ginning at 4 weeks, showed a- rise in mean Fq from an initial value 
of 351 Hz (s.d. . 50. 6) to a peak at 9 weeks (39'7 Hz, s'.d. 39.0)- Range 
dropped frbm a mean of 5.63 semitones to around 4 semitones during ' 
this period. M's mean Fq and range followed simi][ar patterns 
showing little change between 9 and 19 weeks. Average- Fq vaj.ues 
werfe between '333 and 367 Hz. From 19 to 21 weeks, M's mean Fq 
" showed wa drop to 316 Hz followed by a sharp rise to 415 Hz (s.d. 
62 .1) as M began to experiment with high-pitched squeals of 
•greater average duration. than other utte ranees . The absence of 
samples at 24 weeks reflected a predominance of I'ow-pitched growl- 
ing sourM^ which were generally aperiodic. These were associated 
with considerable ^turbulance or noise in the signal 'prohibiting 
analysis. Throughout the period sampled, Fq ranged from a Low of 
250 to a high of 467 Hz with a mean of 358 (s.d. 23.33). * ^ 

A (Table 7 y : A's mean overall fundamental frequency for 
the entire period tended to be somewhat higher than that of the 
other three children. Her range extended from 210 to 588 Hz with 
a mean 'Of 373 (s.d. 30.93). Sampling began during the first week 
at which time A ohov/^d a mean of 3 38 Hz. A subsequent rise to 
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Tables. Fundamental frequency characteristics, for J (male) over the ^irst 24 weeks 
of life/ ' ^ 



Interval 
(weeks) 



I 

(1-4)" 
II 

(5-8) 
III 

(9-12) 
IV 

(13-16) 
V 

(17-20) 
VI 

(21-24) 



Low F, 



High Fq 



Mean F, 



C5 



C95_ Range (sm^ 



-Mean s.d. Mean s.d. Mean s.d., Mean s.d. Mean , s.d. • Mean s.d. 



232 76.7 445 89.1 335 33.6 268 44.9 386 32.4 6.38 2.71 
255 2|.3 410 51.6 338 27.2 286 26.2 374 . 31.7 4.53' L35 
213 43.3:' 409 67.3' 330 '41.3 267 44.5 379 .56.7 6.04 .2.71 



246 (1.4 421 70.5 348 46'.8 285 45,7 395 68.6 5.76- 2.28 

/I 

230 B3.6 436 68.6' 344 40.6. 277 49.7<y 394 49.0 6.28 2.61 

224 147.8 468 68.3 366 49.2 276 53.1 435 68.7 7.85 3.76 
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Table 6. Fundamental frequency characteristics for M (female) over the' first 24 weeks 
.' of life. 



Interval 


Low Fq 


High Fo 




Mean Fq 




C5 . 


• Q95 


Range (smt) 


(weeks) 


Mean 


s.dv 


Mean s.d. 


Mean 


s.d.- 


Mean 


. s.d. 


Mean 


s.d. 


Mean 


S.d. 


I 


270 


44.8 


458 60.2 


.351 


50.6 ■ 


295 


■ 44.3' 


411 


62.7 


5.63 ' 


1.3& • 


(1-4) • 










* 








1 






II 


. 301 


47.2 


432 60.3 


365 


35.9 


317 


36.8 


411 


52.9 


4.40 


•2.05 


(5-8) 
























III 


294 


37.0 


•440 58.0' 


359 


26.4 ■ 


3,16 


■ 23vl 


407' 


51.0 


4.23 


2.46 ' 


(9-12) 
























IV 


272 


2L6 


. 412 71.2 


340 


28.8 


503 


, 26.6 ' 


' 377 


41.1 


■ 3; 70 


,1.42 


(13-16) , 
























V • . 


. 278 


40.5 


444 71,0 


.363 


45.2 


309 


47.5 


416. 


6L6. 


,5.01, 


2.80' 


(17-20.)' 
























VI 


270 


■ 35.9 


'448 75.2 


378 • 


63,7 


304 


34.6- 


430 


73.8 


, 5,. 81 


2.19 > 


(21-24) ■ 


4 
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Table 7. Fundamental frequency characteristics for A (female)' over the first 24 weeks 
of life. 



Interval 
(weeks) 



I 

(1-4 J 

II 
(5-8) 

III 
(9-12) 

IV 
(13-16) 

■ f 

V 

(17-20) 

VI ■ 
(21-24) 



Low F, 



High Fq 



Meaii P 



0 » 



C5 



C95 , Range (srat) 



Mean . s.d. Mean s.d. 'Mean/ s,d. Mean s.d. Mean s.d. Mean ^.d. ' 



294 . 0.0 454 0.0 338 0.0 294 0.0 433 0.0 < 6.60 0.0 ' 

301 54.3 4?2' 58.4 > 376 30.6 338 29.1 424 56.3 3,81 2.08 

276 45.6 425 57.2 357 36.1 309 31.0 397 48.6 U,26 2.08 

266 54.2 456 6'3.3 370 33.2 30? 43.8 420 46.4 5..44 2.78 

245 58.9 ■ 465 68.8' 366 35.1 306 43.0 416 35.2 4.97 1.7e' 

255 41.1 442 57.6 356 34.2 300 / 40.3 410 .47.2 5.44 2.23 
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375 Hz through '5 weeks of" age was maintained through the 7th week,, 
followed .by a decrease to 341 Hz at 10 weeks. Wi thin--utterance 
range showed a decrease from an initial value of 6.60 sejni tones 
at Week 1 to 3.36 ^at Week 6 followecj by a rising trend through 15 
weeks at which time the value was 6,51 semitones. A!s Fq char- 
acteristics varied about her mean value with peaks at' 16 and 20 
v^eeks 397 and 402 Hz. The latter was associated 'wit h a higher 
proportion of high-pitched squeal^ which dominated her vocaliza- 
tions^ as shown for M previously. The following week, A 'played' 
in -a^lower portion of her frequency range resulting in a mean Fo " 
of, 341 Hz (s.d. 32.6). The final two weeks of sampling shov/ed 
that A's vocalizations were typified by values closer to her 
overall mean. These were 366 and 372 Hz respectively. Within- 
utterajice range varied between 4.9 and 5.7 semitones between 18 
and 24 weeksV From the - individual correlation analyses, A showed 
the strongest relationship between duration and range C5 and C95 
in semitones ( rdur-Range== ^69 ) . Longer utterances were ^Iso as- 
sociated^with, greater variability (r^^i- - s . d.Hz ~ * "^"^^ * 

G (Table 8 ): T.he youngest " child in the study evidenced 
a consistently lower mean Fq in .comparison to the other infa»nts 
throughout the first 24 weeks. Fundamental frequency ranged 
from 185 to 469 Hz with a mean of 307 (s.d. 15.03). At Week 1, 
G's mean Fq was 315 Hz (s.d. 12.1). For fourteen of the 24 weeks, 
G's mean Fq was less than 3 05 Hz dropping to the .lowest values at 
2^1 and^23 weeks respectively. The highest mean- value obtained was 
^t 4 weeks (335 Hz, s.d. 21.0). F's wi thin-utterance range tended 
to follow that of the other three children through 18 weeks with 
the exception of *his widest range evidenced at 3 weeks (8.14 semi- 
tones, s.d. 3.66) followed by a decrease through Week 8 (2.69 semi 
tones, , ^.'d. 1*38). ' Range increased with peaks of 6 semitones at 
11 and 12 weeks. Wider wi thin-utterance range for G was also 
associated with greater variability (Range-s .d'.Hz = . 59 ) . Although 
G's 'mean fundamental frequency data was lower than that evidenced 
by the other children, he did not differ from them in 'relation ^to 
physicabl measures iricluding' weight , length and head circumference. 
The features which did dif ferentiat^-G— fronr'tTre otjier children 
included a highejr proportion of nasals in his vocalizations and 
less phy^ica^^activity . — . . t 

V 4. Discu ssion 

'The results of this study of vocal fundamental frequency pro 
files of four infants ' during the first 24 weeks of life indicate 
little developmental change in mean. Fq during this period when 
data are pooled. .The overall mean Fq was 335 Hz, about 20 Hz 
lower than that %f the infants studied by Delack (1975). The re- 
sults of both investigations, however, may be even more similar 
as,J^e measurements in the Delack study were made from spectro- 
graphic harmo>iic displays; this technique is associated with a 
range o-f • moanuromcnt error in the. realm of about 40 Hz. In the 





Table 8i Fundamental frequency characteristics for G (male) over the. first .24 weeks 
of life. . . 



interval • 


Low Fq 

1 


High Fq 


Mean Fq 


^5 




C^95 ' ■ 


Range (smt) 


(weeks) 


Mean 


■s.d. 


Mean 


s.d. 


Mean 


s.d. ■ 


■ Mean 




Mean 


s.d. 


Mean 


s.d. 


, I , 
(L^4) ' 


201 


54.3 


395 


71.5 


307 


, 30.8 


237 


44.2 


360 


49.8 


7.23 


3.44 

* 


n 


'243 


38.5 


374 . 


69.3 


308 


27.2 


267 


25,9 


349 


51.1 


4.49 


2.47 


III '■ . 

(9-12) 






J J y 


33 0 




19 8 


, 252. 


32. Z 


342 


29.6 


5.27 


2.51 1 


IV 
(13-16) 


234 


31.6 


w373 


58.2 


310 


28.1 


263' 


27.8 


m 


.42.2 


4.69 


1.93 

» 


V 

(17-20) 


231 


34.9 


386> 


'74.5 


309 


29.9 


267 


24".3 




44.6 


4.41 


1.73 


VI ' 
(21-24) 


211 


39.5 

'rr- 


378 


72.4, 

L_ 


294 


21.} 


245 


3'0.4 


33^ 


35.8 


'5.4O" 

> 


.2'.20 
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•present stucly, individual variation in each of the measures was 
obscured when averaged as mean data; in addition, we acknow.ledge ^ 
the limitation that the number of children ii||[^uded in ,.this anal- 
ysis was small. . ^ * 

Duration of utterances did show a developmental pattern 
tending to parallel wi thin-utterance range an(J variability. 
-There was a decrease in these measures from Interval L (1-4 weeks) 
to Interval II (5-8 weeks) followed by a progressive gradual in- 
crease through 20 weeks. The conclusions regarding the first and 
last intervals, however, must be regarded aVTtentative as rela- ^ 
tively fewer utterances were available for analysis whix:h may 
have resulted in greater excursions from the mean. W^ith respect 
to duration and range, we would agree with Delack (1975)- that ^ 
these two time frames are at leas t partially independent. In- 
creasing duration of utterances reflects alterations of both 
physiological variables such as respiration (Langlois , et al . , 
1975), as well as features of infant vocalization- The import- 
ance of regarding the characteristics of in^^ant v6cal behavior 
within a somewhat dif ferent frame of reference from that of the 
adult speaker or even a ij^^j^g child who h^s reached a stage of 
producing linguistically meaningftil u-tterances is highlighted by 
the apparent independence of thejSf variables . Although there ap- 
pears to be no evidence to support the notion that variations in 
Fo are associated with length of linguistic utterances, vfith the 
possible exception of stress (L^histe, 1970), the children in the 
present investigation did show such a positive relationship. 

Differences in the- findings among studies of infant funda- 
mental frequency characteristics are related to two major vari- 
cibles. These are sampling and measurement techniques employed. 
With respect to sampling, it is now evident that longitudinal 
paradigms are preferred over cross-sectional designs to examine 
the nature of change (Gilbert 1970) Representativeness of 
sampling is a constant concern as vocal behav,ior displayed ^by 
the infant potentially varies with the social situation h» is 
in, that is, whether he is alone or with others, with environ- 
mental variables such as sound, light, temperature, swaddling, 
e:^c. (Wolf, ^1963; Brackbill, 1973; Korner, 1972, 1974), with his 
state and activity level, and with stage of development. 

A number of investigators have found variations in infant 
vocal behavior depending on social context' (Weisberg, 1963; 
Rheingold, 1963)'. The findings of two studies (Delack, 1975; 
Nakazima, 1972) are cons^istent in that infants showed the highest 
' frequency of vocalizations produced when alone between 6 and 7 • 
months of ^ge. From our own preliminary observations, the infants 
participating in the present longitudinal investigation also^ ap- 
peared to produce differential vocal behavior depending on the 
social context. This was particularly apparent for one child 
who tended to utter a higher proportion of undifferentiated 
sounds during long periods of play alone in his crib at 3 months. 
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Upon hearing his mother's voice as she came down the hall toward 
his room, he emitted a series of vocalizations that would have' 
been classified as predominantly syllabic in nature (Zlatin, 
1975). ^ ... ^ ' 

Variations in fundamental frequency characteristics dis- 
played by infants may reflect not only specific localized changes 
in intratracheal pressure and muscle tone (Hast, 196*6),, but also^ 
more generalized alterations in muscular tension and activity- 
levels. If'Fo i^ associated with muscular tension of the whole 
body in the adult. (Bollinger, 1964), we v^uld ^ expect potentially 
greater ipterdependence in the very young child. The resultant ' 
Fq fluctuations may be associated with different infant states ' 
as the vocal folds r^espond synergis tically to alterations in V 
body tension and activity levels. Infant state is not regarded- 
as a continuum, but as ref lectirig qualitatively' different con- 
ditions and different internal organization (Wolff, 1963). Wolff 
(1972) describes ^ stiates from r^gul^r deep sleep through crying 
or distress. Failure to differentiate among the types of vocaliza- 
tion emitted by the infant in different states results in inflated 
Fo values, particularly when cry and noncry utterances are col- 
lapsed as" in the study conducted by^ Shej^^rd ^nd Lane (1968). Vari 
ations Wmong cry studies may ref lect different surrounding stimulus 
conditions. Samples of cry have been secured, when the infant wa3 
judged to be hungry (Fairbanks, 1942) when his foot 'had been flicke 
or snapped with a rubber band (Karelitz and Fisichelli, 1962), wheTi 
his hair had been pulled (Ringel and- Kluppel., 1964) or when he was 
physically restrained (Swope, e't al., 1975), etc' Although Murai 
(1961) indicated that noncry vocalizations are less state and situa 
tion bound than cry, this has yet to be' empirically validated. 

Fundamental frequency has been, shown tp be higher when an 
organism is excited (Bollinger, 1964). Excitement may not only 
be a physiological and emotional,^ state (Bollinger, 1964),. but 
also, for the infant, may reflect underlying cagnitive oper'ations . 
Kagan (1969) postulated that infant vocalizations are often a • 
manifestation of excitement which are generated by^ th'fe child as 
he processes moderately discrepant stimuli. Results of research 
conducted by Zelazo, Kagan and Har tmann" ( 1975 ) , furthermore, 3?e- 
vealed that females appear to be more predisposed than males to 
express excitement through vocal behavior. These combined specu- 
lations and findings may contTribute to our interpretatiion of a 
tendency for females in both the present study and that of Delack 
(1975) to evidence higher Fq characteristics. F.ailure to find 
sex differences for^lder children with respect, to Fq may reflect 
greater independence of laryngeal musculature (Weinberg and ^latin, 
1970). Comparison of the two males appears to clarify , and offer 
preliminary confirmation of the hypothesized relationship between 
Fq and si?ate or activity levels. J was judged to bc the more 
active of^ the two malp^s and his fundamental frequency character- 
istics we-^e more li-ls^ t-hoso of the females- than vere G's. The 
latter male, as previously indicated, was the least active infant 
of tKe four, and appeared t.^ .process information predominantly 



through the' visual modality throughout the first year* Quieting 
to the presentation of stimuli was most frequent for this infant. 
The varying behavioral profiles and consequent individual differ- 
ences among ' infants needs to' be considered when examining any 
a«spect of developmental behavior (Crystal, 1973). / 

Altho.ugh length of utterance , duration of respiratory, cycles 
and type of utterance., have been considered in relation to funda- 
mental frequency variations (Sheppard and /Lane, 1968; Stark, Rose 
and McLag.en, 197,5)/ no attention has been given to articulatory 
features associated, with changes in quality and patterns of-vocal- 
izatiori which vary with the infant's st&g^ of development during 
the first year*. In the presen.t\ study, high Fq peaks after the 
first interval (the first four weeks) were often associated with 
concentrated periods of high-pitched squealing. For some infants/.^ 
weeks character ized by relatively low Fq were associated with ex- 
ploration of the cpntra^ting end of the frequency domain, i.e.- 
loW-pitched growls. Variatioi^js in the number .and types of seg- 
ments within utterances may also contribute to Fq fluctuations. 
For example, Ladefoged (1967) indicated that Fq is lojvered when 
resistance of the vocal traci; impedance is increa&ed.. Nasals,-"' 
which are ciassif isd a's approximarits and are associated with 
greater constriction of the- supraglottal tract than vowels were 
more dominant in the vocalizat ion^^«df the two males, particularly^ 
G. Although not yet subjected to direct scrutiny, it ctppears that 
supraglottal articulatory activity ma.y potentially cor^stitute an 
additional' source of variation with respect to studies of infant 
fundamental frequently characteristics. 

The second major source of variation in infant studies of 
fundamental: frequency involve measurement techni^ques or prpcedures 
employed, to extract Fq as weJ.1 as adaptations which' need to be made 
to handle the idiosyncratic f eaturesXwhich characterize infant, 
vocalization. The. two major means or measuring Fq include time 
domain and frequency domain analyses. - In the latter procedure, 
the fundamental frequency is determined fr'om spectral displays 
of harmonic structure which tend to be more subject to measurement 
error. The technique employed in the present, investigation in- 
volved computer extraction of Fq means of a peak-picking pro- 
gram yielding a period-by-period analysis. The program, originally 
designed to analyze adult conversation, had little difficulty, 
handling continaaous ly periodic signals. Instances where utter- 
ances were less than 200 msec in duration, at times , presented 
problems; Most short utterances were characterized by some • 
aperiodicity of the signal and abrupt , shifts of Fq. The program 
tries to make use of 'past Fq history' within an utterance. Sy 
the time Fq l^vel to be tracked was- estimated, the utterance had 
terminated. v. ' 

Although Stark, Rose* and McLagen (1975) felt that abrupt 
'ighifts in Fq we.re primarily reflective of sudden chants in vocal 
fold tension, t\\e. high prevalence of "glottal stops in infant 
vocalization, supraglottal constriction activity, and sudden 
changes ir; subglottic pressure may also play a role. Lehiste 



^ (1970) for example, found that, glottal stops tended to suddenly 
-arrest rising Fq. Another aomewhat ideosyncratic^^featS'^e of 
infant vocalization is the .^presence of dysphonaJtion ^.'^ruby and 
Lind, 1965) which has been attributed to* two f uSfcJamental , modes ' • 
of vibration. One usually corresponds, to th^.i-nfan^ * typical 
fundamental whereas the second is a^ociated with a significantly 
lower periodicity. The phenomenon ^is clearly revealed ^through 
spectrographic analysis. Whan fir.3t seeh by these investigators/ 
the broadly spaced vertical striations pres^ent in the spectro- 
grams were thought to be glottal fry. which has been observed- in 
utterances produced by these children. Bo^a ('1972) has de- 
scribed multiple potential phonatory sites for the infant includ- 
ing the vocal folds, the a?yepiglottic ' folds and ever# the 
ventricular folds. Pharyngeal constriction' is another potential 
source, yhn imperceptible drop -in amplitude is often concurrent » 

- wi4:h th6r presence**of dy sphonation . ^ ' ' ) 

Lehist.e ( 1970 ) has noted that subharmonics appear ^in the 
presence of glottal fry in adult- speakers. Dysphonation and fry 

- in the infant vocalizations did not^^appear to be associated with 
lEheir presence. The source of the subharmonics for infant vocal- 

^ • izations is cujrrently unknown. When encountered by the computer 
program, an octave error was noted. The program^ ' looks ' for the 

^sn^allest di;pj';f e rence in harmonic /relations and calculates Fq* The 
presence of ' subharmoni^e»,c.resulted in frequency estimations which- 

>rere actually^<©ne-halfe' of the true value.' In some instances, 
particularly "for the two females, the Fq range extended beyond* 
Jthe upper limits set by the program. When thiiS occurred, those 
utterances were, at that time, elin^inated from the an.alysis. 
Therefore, the rgean F^q values for A and M may be slight under- 
est^imations . LiDnger utterance duration was displayed by these 
four infants v>.than those indicated in other, studies (Del^^k, 1975; 
Murai, 1961). The difference 'appears to be related to variations 
irf measurement criteria employed. We fol^lowed the principle of 
measuring duration from continuous *vocal samples, most of which 
involved a single egressive flow or breath group (Lieberman, 
1967). In some instances, multiple breath groups were measured, 
potentially inflating the duration estima'tes. Ill addition, -\ 
these infants produced multiple syllabic utterance's with pausae 
which did rwt reflect an alteration of the air s^eam direction, 
but a clos^Be of the tract, most often at the glottis. 

- , • In conclusion, the fundamental frequency characteristics 

- of infants appear to be related to a number of variables which 

" potentially . interact in a complex manner. High Fq in the infant 
seems to reflect not only structural properties of the larynx^ 
but also physiological and aerodynamic alterations associated 
with varying states . This hypothesis needs validation through 
direct empirical observation. If the hypothesis is confirmed. 
We will be compelled to pursue the question involving identifi- 
cation of that: period in tho course of development when state 
.and vocalization become moro independent. 
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B. Study 11: Per cepbual analysis of infant vocalization 
during the first 24 weeks (Zlatin, M.A.) 

1. Introduction ^ 

In an attempt to 'answer the^ question raised ea^^lier 
in relation to the features of infant- vocalization and how 
they change over time, inves tigaj^tors are faced with two meth- 
bdolog;Lcal problems. The first involves securing extensive 
samples of infant vocal behavior in varying conditions at 
different age levePs. The second problem involves descrip- 
tive criteria employed. n 

In this study of evolving productive features, the 
basic unit of analysis selected was the phonetic syllable 
(Davids en-Niels en, 1974") . This unit is operationally de- 
fined as a relative peak of sonorance characterized varitably 
by a rise in fundamental frequency, amplitude and duration. 
Spectrographically , the phonetic syllable "is characterized ^ 
by a well-definpd spectrum in the form of buzz-excited rela- 
tively quasi-static formants. A perceptual study was con- 
ducted to evaluate the choice of the syllable as a descriptive 
unit for infant vocal behavior, 

2. Method 

One hundred phonational episodes excluding cry, dis- 
comfort; and vegetative sounds were randomly selected from 
the Master Developmental Tapes for each of -.the four infants. 
S?>c judges, who had varying degrees of experience in listen- 
ing to very young children ranging from extensive to minimal, 
were trained to listen in an 'infant mode' to reduce the 
biases imposed by past phonological experience. With train- 
ing, a number of investigators have .found more accurate and 
consistent judgments of auditory feature s (Wasz-Hocker t , et 
al., 1964; Stark,. Rose and Benson, 1974; Stark, Rose and^^ 
McLagen, 1975) . Consistent with the training procedure's, in 
the perceptual task , judges identi f ied the syllabi city of . 
the utterance (Syllabic*, Nonsyllabic or Combined) and the 
number of sonorant peaks perceived, if any, for 447 randomize 
productions. The judges also received training in an adapted 
form of segmental transcription (Table 9). This involved 
differentiation' between vocalic types and 'cons trictives . 

within the latter class , the subtypes were glottal 
stops, glottal aspirates and supraglottal constrictives. 
Variations in the latter category included glides and nasals. 
Further training was done for phonatory, articulatory , and 
resonatory qualities which tend to be somewhat ideosyncrat^c 
to infant utterances. These included dy sphonation , ^YPOxMf 
phon^ation (Truby and Lind, 1956), glottal fry, nasalization 
and saliva fric ti^on noise . Relative durational judgments 
were also made. 
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♦Table 9, . Adapted segmental transcription notation for re- 
cording infant vocal^izations • 

NQtation ^ Phonetic P'eature^ 

^ ~f ^ • — 

NS nonsyllabic 

V " vocalic 

? cjlottal stop 

h . glottal aspirate 

C supraglottal constrictive 

» G / supraglottal-glide 

N nasal 

N- syllabic nasal 



additive nasal resonance as V 



dysphonation 

glottal fry or. harsh quality. 
hyperphonat ion 

C) saliva constrictive; diacritijj placed 

above segmental variant(sy 
, ^ brief duration 

! prolonged 



In counterbalanced order, judges transcribed the tape 
recordings freefield presented at a peak level of 80 dB SPL 
(C-scale) via a tape loop repeater system (TEAC A1200-U 
recorders, A.P5 speaker, Dyj|a-SCA 80 amplifier) . In addition 
to interjudqe reliability tor syllabicity, number of sonorant 
peaks and transcription, intrajudge reliability was also 
computed for these variables. For intrajudge reliability, 
10 randomly^selected utterances for each infant were tran- 
scribed posttest. 
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3. Results 

Syllabification ; As shown in Table la -results of -the 
analysis for judgmentst of syllabicity. revealed a high percentage 
of agreement and disagreement among the six listeners. The 
sources of agreemejit and disagreement appeared to be rather 
evenly distributed ^amortg the four infants indicating that one 
child was .not more difficult to judge ';fchan another. 

Table 10 Syllabification: Percentage of agreement among six 
trained judges for 447 utterances produced by four 



infants 


during the first twftnty 


-four 


weeks of 


life^ 


Number of 
Judges Agreeing 


Total 
Agreement 


Agreement 


for Individual 


Infants 


M 


J 


A 


G 


6 


66 


60 


73 


61 


65 


5 


20 


25 


11 


20 


22 


4 


12 


09 


13 


14 


11 


3 


.04 


06 


03 


05 


02 



Most ' disagreements were associated with syllabic utter- 
ances being judged as nonsyllabic (42%) or as combined (40%) . ( 
The primary sources of disagreement included utterances with 
an extremely high fundamental frequency^ with durations of less 
than 200 msec, and prolonged utterances with a duration of the 
vocalic portion greater than one second. At times the infants • 
initiated and/or terminated utterances with a voiced or par- 
tially voiced (breathy) inspiration. Some listeners attended 
to these portions of the utterance while other listeners dis- 
regarded this feature and attended only to the egressive phase 
of the vocalization. This condition was not anticipated prior 
to the conduct of the study, but will be considered in future 
perceptual work. The listener with the mos«t priOE^ exposure to ^ 
infant vocalization accounted 'for the fewest di^a^re^ments 
(2.5%)^ whereas the two most naive listeners accounted for 
52.5% of the disagreements in syllabification. These results 
indicated the need for more extensive and detailed training. 

Sonorant Peaks ; As shown in Table 11, reliability for 
judgments of 'the number of perceived sonoraFit peaks was poorer 
than that for syllabification. Nine long troublesome utterances 
discarded from the analysis because of extensive disagreement, 
were characterized by extreme fluctuations of fundamental fre- 
quency. 

4 



3b 



Table 11. 



Peaks of Sonorance : Percentage of agreement 
among six trained judges for 447 utterances pro- 
duced by four infant^ during the^ first twenty- 
four weeks of life. • 



/ 

Number of 


Total' '■ 


Agreement 


for 


Individual 


Infants 


Judges Agreeing 


Agreement 


M 


J 


A 




6 
5 
4 
3 


41 
27 
18 
12 


36 
30. 
26 


51 
22 
16 
06 


41 
24 
12 
21 


38 
31 

17 • ■ 
12 



Thus, high Fq confounds judgments of syllabicity and number 
of sonorant peaks. Changes in manner, source, fundamental fre- 
quency, amplitude and sonority appeared to contribute, in a 
comp]/ex manner, to perception of prominence. -There seems to 
be a relationship between the designation of syllabicity in 
the present investigation and a speculation offered by Menyuk 
(1971) in her review of infant vocalization. In addition to 
the variables mentioned above, Menyuk indicated that changes 
in respiratory control, initiatory and offset phe'nomena, as 
well as articula tory alterations , contribute to the perception 
of infant utterances becoming more "adult-like". Study of 
some of these interactions is currently in progress . 

*> 

Intrajudge reliability for syllabification was also 
/ better than that for number '9f -.perceived peaks of prominence 
(Table 12 ) . Detailed anal^is of the segmental ^transcription 
showed that al tera.tion of syllable structure accounted for 
• 15% of the disagreements. This included instances where a 
listener added or deleted an entire syllable (11%), ^hanged a 
previously identified syllable to nonsyllabic (2%), or changed 
a nonsyllabic to a syllabic ( 2%) . Other sources of disagree- • 
ments in transc^-iption included al teration of constrictives 
.(20%), alteration of nasals ,(11%), and addition, deletion or 
altera tipn of glottal stops and aspirates (54%). 



Table 12. Intrajudge reliability: Percent of agreement for 
.43' infant utterances on syllabicity and number of 
perceived peaks of sonorance,. 







f 

1 


Individual, Listeners 
2 3 4 5 


6 


Syllabicity 


94.2 


iOO 


93 95 91 91 


95 


Peaks 


83 i8 


f>5 


86 70 91 77 


84 



45 



37 



Results of this study indicated that the syllable is 
•a viable perceptual unit for analysis 5^ infant utterances* 
Judgments of peaks of prominence appear to be somewhat less 
reliable 'than those made for syllabicity. Furthermore, v/hen 
listeners repeive extensive specialized exposure to infant 
vocalization, a respectable degree of inter- and intra judge- 
reliability can be achieved. Specific features of infant 
vocalization which, present" difficulty in this type of per- 
ceptual t^sk include high and/or fluctuating fundamental " 
frequency and extended duration of vocalic patterns. 

C. Study III: Correspondence between perceptual judg- 
ments and acoustic attributes for selected 
infant vocal behaviors during the, first 
24 weeks a preliminary study (Zlatin, 
. . M.A. ) ' ^ 

1 . ^Introduction : Evolving an acceptable .valid descrip- 
tive system has constituted a major methodological problem in 
studies of infant vocalization ► A system which includes anal- 
ysis of both perceptual and aco.ustic attributes appears to be 
the most satisfactory (Crystal, 1975). A first approximation 
to a useful descriptive system involves, then, a choic^ of 
features or characteristics of the signal which have percep- 
tual reliability and acoustic support. The j^erceptual re- 
liability of some aspects of infant utterances including the , 
syllaTDle, pe^iks of prominence and specif ied. articulatory 
features was demonstrated in the previpus study (Study II in. 
this report). An alternative but complementary feature system- 

was used by Stark, Rose anci McLagen (1975). The purpose of the pres- 
ent study was to. examine the relationship between perceptual 
features and acoustic attributes for utterances produced by 
four infants during the first. 24 wfeeks of li.f^. 

2. Method: For each of the four infants participating 
in this longitudinal investigation, a sequential Developmental 
Master Tape recording was prepared sampling utterances over 
the first 24 weeks of life (See Section II, 2). Three 
sound spectrograms were made for every utterance consisting 

of c^ wide -band (450 cycle) display with amplitude contour, a 
wide-band scale expanded display through 4000 Hz, and a narrow- 
band (45 cycle) display. For ii total of 1753 utterances, 5359 
spectrograms were available for the analysis. 

Of the 1753 utterances, 447 vocalizations which had 
been semi -randomly selected for tj^e perceptual study (See 
Study II) were .separated and of these, preliminary acoustic 
analysis has been complGtod for 44 utterances.' The analysis 
involved specification of total duration, duration of phonated 
and noriphonated portions, duration of specific features, 
(Jesignci l.i r^n of cnr.f>li Ludo poc\k:\, measurement of centra^ formant 
f requeiic ICS , .s[^eci Lira l ion of intonation contour , and desig- ' 
nation of :->pect:rciL f*j..il:uro.s such as noise, occlusivo?s, etc. 
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From these spectrograms, the acoustic Base Structure for each 
vocalization was determined which was subsequently compared 
with the results of the perceptual judgments -made hy the six ' 
trained listeners (Study II) • 

3. Results: Excellent ' agreement between the perceptual* 
and acoustic data was achieved for 41 of the 44 utterances 
judged as syllabic. These were char,acterized by one or more 
vocalic segments with well-defined resonance structures. Of • 
the three remaining utterances, one revealed two nasal seg- 
ments^^^^&haracterized by an impoverished noisy harmonic spectrum 
wiJrt^low-^eq^^ emphasis^. This was 'identified by one 
Listener aa ^pria^nged nasal and by the other as vocalic, 
four of the<Qj::iS(::^^^^^ that the second utterance was 

nons^yilabic . It w^s characterized by a voiceless, onset (41 
msec), short dur^^^on (177 msec), a noisy harmonic spectrum,, * 
and a rapid simtrltaneous fall of resonances, one, two and 
three. For tlW-^ird phonational episode, two listeners indi- 
cated that the whole utterance was nonsyllabic and the others 
indicated that the utterance consisted of both syllabic and 
nonsyllabic components. The acoustic analysis revealed three 
nonsyllable portions with durations of less th^n 100 msec 
each characterized by the absence of prominent resonance 
structure and a Cpf ( cons trictiye-vocalic ) portion with a ^ 
duration of 242 msec. /] 

A<5Blysis of the correspondence between the nijmber of 
perceptually-identified peaks and the number of' acoustic peaks 
revealed 83'/o agreement for one peak, 83% agreement for two' 
peaks, 72% agreement for three peaks, and 48% for four. 
Longer utterances seemed to elicit less agreement? however, 
this interpretation must be made cautiously. For two utter- 
ances, one physical peak corresponded to two clearly identifi- 
able perceptual peaks. Both utterances were Vocalic-glide- 
vocalic sequences as confirjned from spectral display. \The 
failure for amplitude' to fall during the glide 'element\is not 
known; perhaps the glide portion was not sufficiently coh^;.,^ 
stricted to o<ffer DC back pressure on the glottis or ^increased 
AC impedance. In another instance, a tap .from an un]<:nown 
articulatory source accounted for two physical peaks where 
only one w*e^^erceived . In four instances, separate physical 
peaks perc^lveS^as one, were accounted for by the presence of 
dysphonation. This phenomenon has also been observed by , 
Stark, Rose and McLagen (19 7 5), who attributed the in- 
tensity fluctuations, to tlic presence of pharyngeal friction. 

1::omparison of the segmental transcription witfi the 
base structure derived from spectral displays revealed rather 
consistent patterns of onset, offset,, and wi thin-utterance 
segments, a.s v/cl 1 as vocal quality,' as shown in the correlation 
matrices (T:'ible::i 13 , 14 and Tahie 15). For 'onset or initiatory 
'behavior, cjlot i:al ::.t:ops worr^i identified acoustically in 30/44^ 
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utterances , 
These were 
A counter tie 
vocalic offs 
glottal ^stop 
short ' duf at 



but were correctly perceived only 30% of the time. 
>ieard more often (53%) as smooth vocalic onsets, 
ndency was noted for offset behavior. Acoustically, 
ets were perceived. more than half the. time as a 
, especially when the terminal vocalic was of. very 
ion. 



Table 13 . 



Co-relation matrix specifying the correspondence 
between acoustic and perceptual data for onset of 
44 utterances produced by one^ infant during the 
first- 24 weeks of life. 



-P 
O 

u 



N 

NS 



Perceptual Responses 
h C G N 



. NS 



•12 



2 
1 
68 
1 



4 
1 
1 

6 



1 
1 

5 



V 
95 

5 

2 

3. 

1 



V 



18 



Table 14. Co-relation matrix specifying the cor:|espondence 
betwebn acoustic and perceptual data for offset 
of 44' utterances produced by one infant during 
the first 24 weeks of life. 



/ Pei?^eptual Responses . 
y y h" ."^^ C G N NS' V / 



? 


15 


1 




1 


9 


h 


* 10 


8 


1 






C 


a 


1 


2 






G 












' N 


1 






. 3 


2 • 


NS 


2 




1 


9 




V 


84 


14 


3' 


1 - 2 


91 



I 

48 



-X w 



. Embedded glottal sfaops were readily id^ntifiesd. Lis- 
teners furthermore agreed with the acoustic spectrum 95% -of 
the time for vocalic elements and 75% of the time' for embedded 
supraglottal constrict.ivi&s . ' The principal- confusions^ for 
supraglottal. constructives involved glottal stops and glides. 

Table 15. Correlation miatrix specifying the correspondence 
between amicus tic and perceptual data fpr embedded 
segments of 44^ utterances produced by one infant 
during the first 24 weeks of life. 

0 ' ~ " t 



Perceptual Responses 
>; ?h C G M NSV /^k omit 



? I 18 

h ,'• 



) 

C 20 ' 155 30 . 1. 



G 4 4 50 1 1 3 4 

N . 2 19 8^ 6 

NS .42 

V . 15 2 454 * 8 

fii 5 . 1 

Addit 7- . ' I 11 * 



Acoustically, a^eement for glides was also 75% with confusions 
principally involving g-tottal stops, constrictives and vocalics, 
Glides presented difficulty elsewhere in the analysis for in- 
dividual listeners. Shifting vocalic quality wasT, at times, 
transcribed as having an intermediate glide- At {other • times , 
the presence of a glide in the spectral display was missed by 
listeners who transcribed a prolonged vocalic or two vocalics 
with omissions of the glide element. Nasals alsq provided a 
source of difficulty as the correlation was 54%. Nasals were 
most often transcribed as vocalics (23%) or as a nasalized^ 
vocalic element. n 

The analysis of phonatofy quality revealed thatr^rfi'e 
listeners identified the presence of dysphonation 69% of the 
time when indicated in the acoustic display. Corresponding 
to the description by Truby and Lind (1965), dysphonation was 
characterized by a noisy harmonic spectrum and by widely- 
speiccd/^d'r ticc^l :;triations more often in conjunction with 
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closely-spaced striajtions , indicating two fundamental modes- 
of vibtat/ion. The presence of saliva constriction ribise was 
also identified correctly 52% of the time and confused prin- 
cipally with dysphonation (16%) . «• . , 

• • It appears tfiat the major sources of disagreement 
in this preliminary comparison of acoustic and perceptual 
data involve glcJttal stop^and aspirates par-ticula^y in re- 
lation to onset ind of f set pehayior . Other clad^res of sounds 
which present problems, as/so frequently noted in thes litera- 
ture, include glides and r^sals. The results of .this portion 
of trie investigation, however, indicate that these classes'- of 
sounds can and should be included in the description of in- 
fant vocalization, but that they warrant further study. 

^ In re^tion to preparation 'of stimuli for perceptual 

studies of this nature, the presence of voiced or partially 
voiced breathy inspirations either preceding and/or following 
an utterance seems to present a special problem which must be 
dealt witli during training sessions. This' behavior appears^ 
to' be 9\ore frequently associated with utterances produced by 
tl^e infant in the first three months of life, although- further 
analysis is needed to make this statement conclusively. If 
.this observation is confirmed, we might cautiously speculate 
that the presence of the behavior could reflect poor coordi-, 
^nation between ^he phonatory source mechanism and supraglottal 
* articulatory**activity . Its reduction, disappearance or alter- 
ation in quality could be considered to be a mark of increas- 
ing control over the systems. From inspection of this data, 
it appears that the infafit in the early months frequently 
increases respiratory rate prior to the initiation of phonation, 
a pattern which is notably different from res t, "breathing . 'This 
behavior, which has alJhSo been observed -by Carol Wilder (peifsonal 
communication)/ may represent the building pf air pressure and' 
flow rates thaJt are necessary to initiate phonation. 

Results of the perceptual study indrc,ated the via- 
bility of employing the phonetic syllable^ ad a unit of analysis 
in this investigation.' Acoustic data combined wit.h perceptual 
judgments of syllabification, peaks of sonora.nce, and transcrip-. 
tion made by individuals who have been, rtraine'd to listen in' an 
infant mode^ has' yielded valuable, information regarding the 
nature of Infant vocal behavior.. 
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D. Study IV: Classification of early infant cry and noncry 
. vocalization (Zlatin, M.A.^, Hix^on, P. K.. and 
Coggins , C . R. ) 

1. Introductior^ ^ . 

As one of the infant's earliest behaviors, crying has 
evoked considerable interest both as a possible index of the 
child ' s ptiysical condition (Feingold, 1972 ; Karelitz , 1963 ; 
Karelitz and Fisichelli, 1962 ; Ostwald, 1972 ) and as a precursor 
of l^ter language development (Murai, 1960, 1963; Wolff, 1969; 
Stark, Rose and Benson, 1974 ) t Crybehavior has been variably de- 
finedas a response to distress (Nakazima, 1962; Truby and Lind, 
19fl#5hSr'as 'a physiological uttetance produced in uncomfortable 
situations (Mura^i., 1960). Noncry behavior has been defined in 
similar, though antithetical, terms as a vocalization produced in 
a iComfoTt st^te (Lewis, 1951). 

* SpectrograpKic analysis does -not appQ^ to provide any 
obvious features for differentiating cry from noncry vocaliza- 
tion (Wolff, 1973 )' leading one to conclude that there may be a 
-similarity of 'acoustic qind perceptual characteristics. However, 
duratfion -df the utterance and preceding contextual events appear 
to he significant in making -rthe dis tincti.on ( Prechtl , et a!l, 1969; 
Formby, 1^'67*7 Valanne/ et all, 1967):' 

A. descriptjive classification of cry has, been developed by 
Truby and Lind (19.65 )\ They defined three primary types including 
phonation, dysphon^tioji and, hyp^r^Shonation . For phonation, the 
sound ^s^'ource consists of quasi-periodic vocal fold vibration and 
the laryngeal, pharyngeal, aasal ^and oral cavities serve as pi-in-- 
cipal ^resonators . Spectrogiraphically , t^iis cry is characterized 
by an abrupt onset with a rapid rise in harmonic contour and in- 
tensity an-d by a fundamental— £jrequency around 450 Hz. Dysphorta- 
tion represents effortful performance with extreme, constriction of 
.the supraglottal airway. The cry i-s perceptually "harsh*' sounding 
associated with . a ^rahdom noise-like eneirgy dispersion evident in. 
the spectral displays.* At times, two sourx::e tones appear" to be 
operatirig simultaneously, one with a low fundamental frequency 
around 130 Hz and the. other around 500 Hz. Hyperphonation is per- 
ceived as a high-pitched vocalization or laryngeal whistle. Truby 
aYid Lind (1965) attributed this quality 'to a<h extreme contraction 
and subs^equent foreshortening of the vocal folds or to damping of 
the' fundamental tone. Spectrographically , hyperphgnation is char- 
acterized by extreme shifts of the fundamental frequency from 
around "460 'Hz to frequencies as high as 1400 to 4000 Hz., 

This preliminary investigation was designed with a two- 
fold purpose . First, it was necessary to determine whether the 
cry types of phonation, dysphonation ar^d hyperphonation as de- 
scribed by Tru.l;y and Lind (196!^) for cry behavior could be utilized 



as perceptual and acoustic features in specifying the phonatory 
quality .of noncry vocalizations. The second question involved 
^~"cfe<^f^nati^n of the extent to which listeners who had no knbwl- 
^edge of th^^'situational context orJ the infent's statejfof arousal 
could discriminate between cry^ arj^ noncry vocalizations on the 
basis of an isolated auditory signal which was controlled for 
duratiofi. ■ ^ 

2. Methq^ 

Ninety-five cry and noncry vocalizations were selectee 
from Home Master Recordings (see Section III, C, 1) of one infant 
between 3 weeks and 3 months of age. Of the 75 noncry vocaliza- 
tions, twentyTfive were specified as phonations, twenty-five as 
dysphonations, and twenty-five as hyperphonat ions on the basis of 
perceptual judgment and instrumental acoustic analysis correspond- 
ing to the ddfiniti«)ns of Truby and Lind (1965). The cry vocaliza- 
tions were also distributed according to type. Three instances of 
each utterance were randomized on listening tapes with a 10-second 
interstimulus interval. 

Five adult l:^steners served as^udges in this preliminary 
investigation. Prior to the listening task, the judges received 
training in recognition of the three primary phonatory types 
through a specially-prepared recording which incorporated examples 
from the recording which accompanies the Lind monogifaph (1965), 
and samples derived from the Master Home Tapes. Listeners per- 
formed to criterion on the training tapes prior to making judgments 
from the test tapes proper.. Training^ and test stimuli were pre- 
sented on an Ampex AG3 50 Recorder through Grason-Stadler D3 0 ear- 
phones. Each listener was provided with a keyed specially-prepared 
response form to make t^e fo 1,1 owing judgments: (1) cry or noncry, 
(2) primary phonatory type including phonation, dysphonation or 
hyperphonat ibn, and (3) secondary phonatory type if the listener 
perceived more. than one type within a single ytterance. 

3. Results 

From the combined analysis of all vocalizations, the m 
judges ^'isplayed correct classification of the utterance in rela- 
tion to phonatory type 90.6% of the time. As a group, th^ lis- 
teners were slightly better judges of phonatory type for cry in 
comparison to nohcry utterances. The percentage of correct ^ 
primary judgments of cry ranged from 100% to 76.7% with a mean 
of 88%. The listener wi^th the. most prior^ experience in listening 
to infant VQcalization achieved 100% correct judgment for cry 
vocalization types! When secondary correct judgments were in- 
cludedffor the cry utterances, most listeners improved in their 
ability to classify vocalizations. With secondary judgments, the 
percentage of o^rrect responses ranged from 76% to 100% with a 
mean of 92/.. The perccnLage of correct judgments for noncry 
utterances ranged from 78.7% to 89.8% witW a mean of 84.2%. When 
secdndaTy judgments v/ere included in the calculations, the mean 
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percentage of correct judgments increased to 90.6%, 

Examination of the three phonatory l^ypes revealed that 
the listeners correctly idejitified basic phonation 95.4% of the 
time. The overall*- percentages of correct identification for dys- 
pitonat'ion and hyperphonation 'were 85.8% and 84,4% respectively. 
The listeners were more accurate in their judgments of dysphona- 
tian in noncry utterances (91.2%) than in cry (80.4%); however, 
the reverse was sh6wn for hyperphonation in- that this phonatory 
quality was judged correctly 86 > 2:> of the time^f (?^r cry and 32.o^'d 
for noncry. The results of^ these analyses indicated that lis- 
teners were, able to reliably judge phonatory type at both cry 
and noncry utterances. There appears to be a continuity of 
these features for varymc ::ype.-: of vocal^behavicrs displayed by 
infants during the first 3 months of life. High internal con- 
sistency within listeners was^also demonstrated in that the per- 
centages of the total number ^ of utterances for which individual 
judges attributed the same phonatory quality to all three in- 
stances of t^e stimuli were 87.3%, 70.5%, 70.5%, 75.8% afid 70.5%. 
As in the "previous analysis involving comparison of judgments 
among the listeners, the individuals were also more iTiternally 
consistent in their judgments of cry than noncry types. For the 
former, the percentage of utterances judged in the same manner 
for each of the three presentations of a given stimulus ranged 
from 65% to 100% with a mean of 80.p% and for the latter, Scores 
ranged from 66.7% to 84.0% witTi a mean of 73.6%. 

' The second question posed in this preliminary study in- \ 

volved the extent to which listeners could differentiate between 
cry and noncry utterances from isolated auditory signals. Con- 
sistent with the findings of previpus researcher s (Prechtl, et 
al., 1969; Formby, 1967; Valanne,' et al., 1967), the listeners 
identified cry correctly only 32% of the time and noncry 81% of 
the time. Since the duration of cry appears considerably longer 
than noncry vocalizations during the first three months of [life, 
duration was controlled so that phonatory quality could be [ex- 
conined as the principal determining factor for making the di^ 
tinction. As shown in the previous analysis, there appears tON 
be consistency of the phonatory types for cry and noncry utter- 
ances. Therefore the results of the second analy^s were not 
surprising. It seems then-, that duration, and knowledge of the 
contextual events prior to and during an utterance and observa- 
tion of infant state constitute the principal differentiating 
factors for distress and nondistress vafcalizat ion . ■ 
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Freiiminacy Descriptive Model of Infant ^Vocalization' 

During the First ; 24 Weeks : Primitive Syllabification' ' , 

and Phonetic Exploratory Behavior ' • ' 

1. Primitive Syllabification in. Infancy 

^The preliminary re&ults of the present. investigatipn in- 
dicate that over the course of the firSt 24 weeks of life,, the 
infant's vocalizations are characterized by an increasing fre- 
quency of syllabic' utterances and a relative decrease in the 
frequency of nonsy liable productions. There appears to be a 

mall number of base structures which typify primitive syllabi- 
fication during this period which are ^presented in Table 16 
Early initiatory behavior is "most often characterized by primi- 
tive laryngeal . articulations ' {Lindqvist, 1972)' in the form of 



Table 16. Preliminary base structures for infant syllabifi- 
cation in the" first 24 weeks. 



One-Svllable 


Two-Syllable 


■ Elaborated 


?V 




vdv 


. R 7VCVCV 


hV 




VGV 
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GV 
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?V?V 


PGVGVNCV 


?V? 




vccv 


PVNCNCN 






hVCV 


PVNCVCh. 
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hVGV 


?V?: PVCVCV 
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VGVCV 






NCV 
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glottal stop 


G 


glide 


V 


vocalic • 


N 


nasal ' . ' 


c 


supraglottal constrictive ^ 


dysphonation 


h 


glottal aspirate 




prolonged 



glottal stops and aspirates and less , frequently occurring supra- 
glottal , constrictives and glides. Supraglottal constrictives 
and vocalic onsets increase through this periodf which is also 
marked "by the^ emergence of syllabic nasal initiations most often 
released to a homorganic supraglottal constrictive. Vocalics, 
glottal aspirates and glottal stops are typical offset be- 
.haviors. Infants at this very early staae^-show a * preference* 
for open syllables which continues thrcMjfghout the first and 
into the second/ year . as shown by Oiler n 1973 ) . The sounds inter 
vening betwee"h tWo vocalic elements include glottal stops,, 
supraglottal cfonstrictives , and qlides. A typical operi- 
constrictive-open pattern [[^CL^JLrt] and variations on this theme 
were observed in vocalizeition displayed by all four of the 
infants (/.latin, 1J74). • 
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Among the four children, there was considerable regularity 
in the appearance and quality of two-syllable utterances and 
syllable elaboration. The most primitive form of glottal stop- 
vocal ic-glottal . stop-vocalic in nondistress utterances appeared 
around 3 weeks followed by the appearance of other two-syllable 
utterances between 6 and 8 weeks. Increasing occurrences* of 
syllable elaboration werje noted between 11 and 14 weeks. 
Throughout this period, primitive^one and twO'-ayl lable vocal- 
ization^ continued- Concurrent with the beginning of explora^ 
tory; behavior between 17 and 21 we#ks, a decline in elaborated 
syllable productions was noted.- 
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2. Exploration of the Vocal Tract 

To date, descriptions of exploratory behavi-or in' relation 
to characteristics of infant vocalization have been vague*^ We 

-.have observed' periods of concentrated specif ic ' repetitive ' 
vocal activities which persist for different lengths of time 
for pach child and which show extreme fluctuations or varia- 
tions within one or more parameters of phonetic behavior. The 
onset of vocal tract explo:. ;i t. . cp appeared to correspond to the 
third stage of the sensory-motor periqd as described by Piaget 
(/1952). A hallmark of this stage is the coordination of grasp 
^nd vision. The ages for the pVesence of this behavior and 
corresponding phonetic parameters are shown in Table 17. The 
specific categories of phonetic exploratory behavior include: 

^-(1) airstream direction, (2) pitch, (3) loudness, and <4) 
supgraglottal activ'ity. . . 

Three of the infants showed a period of concentrated in- 
gressive vocalization. J provided the most outstanding ex- 
ample of the 'fortuitous discovery . Very short ingress ives , 
primarily associated with onset and offset phenomena, were 
present in his early vocal behavior. One morning, J ..produced 
^a loud ingressive followed by a ''startle'* and su'dden quieting. 
Subsequently; a^ variety of in'gressives continued to dominate 
'his phonetic output for about a month. ' Only G failed to shoWv.>^ 
exploration of ingressive flow of air during 'the first 6 
months. He did show a brief period of play with ingressive 
sounds around 7^ months which lasted for less than a day. This 
was interpreted as indicating that ',pra<:t^j.ce ' of _a_^ behavior and 
sub^^equent internalization takes a shorter period of time at 
later stages of development and that infants display different 
behaviors commensurate with their Owr;i needs and interes ts . 
The saliva or 'bubble' play and labial-lingual trills are only 
two examples of a larger variety of supraglottal exploratory 
utterances . It * is our impression that ^duration is also ex- 
plored as a phonetic' parameter. ^ 

is tempting to speculate about the latent factors wljich 
motivate tho infant to exjoLoro hi$ sound-producing system. We 
may con:.i ii f ol L.jwj ncf : /J)' The infant is a stimul s-^eekiny • 

organisn (i<yan, 1974; Peters / i^J7]^ Stern,' 1974a,' 1974b) with 
a ^'preference ' for t:V:o,„ uud i t-ory modal i ty (iMcCall, l574) resulting 



Table 17. Exploi^ion of the vocal tract by four first-born infants. The table presents the child's 
' . ' age in w^s. 
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Coordination of Direction: Airstream ',' Pitch' • Loudness Supraglottal Activity 
Grasp-Vision Ingressive Nasal Egressive Squeal Growl Shout Saliva Trill: Lab. -ling. 
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in self-produced sound input; his selectivity brings him into 
contadi^ with certain parts of the environment or aspects of 
vocal production/ rather than others at different times- (Dember 
and Earl 1957 ) ; (2) The infant^' s ^self-regulatory ability is 
in the process of evolving so that he is increasingly able to ' 
bring about repetition of a desired effect or effects which 
intrigue him (Hutt and Hutt, 1970); (3) An incentive for some 
aspects of the infant's exploratory behavior is his search for 
novelty and subsequent continuation of behaviors which were 
fortuitously discovered ( Plage t, 1952) such as that described 
for earlier in relation to ingressives. Once discovered, 
there is a continuation of the behavior because stimulation 
begets the desire for more stimulation. The continuation of 
the search for novelty and infants' preferential attention to 
more complex s timuli (McCall , 1971 ) may contribute to the 
syllable elaboration described .earliet and to the variations 



Hutt (1967) indicated that^xploratory fnanipulati ve be- 
havior declines with increasing stimulus familiarity. The 
specific decline in exploitation and manipulation of phonetic 
parameters around 6 months of* age may be related to Lieberman's 
(1975) description . of the timing of physical, structural de- 
^velbpment as well as to the child's cognitive growth. That is, 
the infant's vocal tract is undergoing \ rapid changes 
in structural relationships duripg this' period. Therefore, 
it may be necessary for him, when he is able, to act on the 
vocal tract deriving 'knowledge' from his^ action. Once struc- 
tural relationships are relatively stable, his actions become 
internalized operations. During ^the first 6 months, the' child 
may be constructing the -rudiments of a sensory-motor scheme 
through reproductive assimilation which can' be called upon 
later in coordination with language. 

3. Origins of Intelligence and Language 

Some years ago, Vygotsky (1934/1962) posited that language 
and thought evolved from two separate genetic roots. Although 
his model h^s been widely cited, we have lacked rigorous ex- 
perimental data to attest to its validity. The derived cor- 
respondence between stages within the sensory -motor period 
and the vocal behaviors displayed by the infants in the pres- 
ent study is shown in Figure 6. During the first stage the 
infant evidences reflexive vocalization, a common term in the 
language literature, consisting of cry, di3comfort sounds, 
vegetative sounds- (e.g. coughs, grunts, hiccoughs, etc. as 
described by Stark, Rose and Benson, 1974)^ and primitive one- 
syllable utterances. - Concurrent with Stage II, the. infant 
shows increasing syllabification in the form of two-syllable 
utterances.- A schema for vocalization is emerging and under- 
going some differentiation as illustrated by primitive syl- 
lable elaboration. The infant also shows some tendency to 
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produce reduplicated syllables. ^ Primitive syllable elabora- 
tion continues until the early part of Stage III, followed by 
a reduction in this behavior and emergence of exploratory 
phonetic behavibr. 



Figures. Origins of Intelligence and Language. 



Stage I The use of reflexes 


Reflexive vocal izat ion : cry, 
^ vecretative, & discomfort sounds 


" ■ j 

Stage II The first acquired 
adaptations and 
the primary 
circular reaction 


Early syllabification-; one- 
and two-syllable prototypes 
and primitive reduplication 

^ Primitive syllable elaboration 


Stage \ III T^ie secondary 

circular reactions 
arid the procedures 
destined to make 
interesting sights 
last ; 

;piaget, 1952) 

■ 

■ 

■ 


Reduction of syllable elaboration 
Exploratory phonetic behavior 

Parameters: airstream direction 

pitch 

loudness 

su^praglottaa activity 

Reduction of explora^l^^ify phonetic 
behavior 





The descriptive model which evolved from detailed observa- 
tion of four infants durin,g the first 24 weeks of life is yet 
incomplete. Further work is currently in progress that will pro- 
vide more detailed specification of the nature of vocalization 
.produced during thisj period. . Once the data iA reduced and ana- 
lyzed forom the remaining 18 months of investigation, this proposed 
early edition will not only be subjected to further scrutiny, but 
will be completed. 
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. V. RESEARCH STATUS: PARENTS^' CHILD-DIRECTED LANGUAGE 

Ai » Study I: An Analysis of Mothers' Question Forms 
Directed to Infants During the First 16 
Weeks of Life (Zlatin, R. A. and Shisler, ) 

1. Introduction 

Parent-child interaction is a dynamip multipurpose con- 
dition wher^ both participants have . social, emotional and 
linguistic roles (Cry stal , 1975). Until recently, the lan- 
guage environment of the infant has^een described within 
the framework of the features of aduBt communication. Fried- 
lander (1968) and McNeill (1970) both suggested that the child 
must contend with the "entire adult corpus He learns, then, 
to decode and organize linguistic inf ormation /^which is often 
embedded "amidst pandemonium and chaos."- This early descrip- 
tion disregarded the fact that sojpe aspects bf tthe environment 
be th^ey linguistic or nonlinguis tic , are more sajLient for the 
ch^ld than others and become instrumental in e footing varia- 
tions' in his behavior (Eewis and Freedle, 1972; Stern, 1974a). 

In the last five years, we have seen a dramatic increase 
in studiq^ of mothers' child-directed language. Results of 
work conduJ*ed by Broen (1972), Snow (i972), Phillips (1973), 
Dale (1974), and Glanzer and Dodd (1975), among others, have 
shown systematic difference^ in mean length of utt-eran6e, ' 
vocabulary, and syntactic, prosadic and acoustic features 
between child-directed and adult-directed utterances. 

Variations in parents' linguistic behavior reflect inter- 
actions among such variables as individual style (Phillips, 
/; 1973 ; Nelson, 1973), the parents ' changing perception of the 
child's comprehension and produ<istion abilities (Shere and 
Kastenbaum, 1966), and direct responses from the infant 
(Bernal, 1972; Sedlakova, 1964)^. Results of a structural- 
analysis of ghild-di^ected language during the first two 
months preliminary to the present study indicated ^hat Ques- 
tion forms accounted for 50-65% of the corpi followed by 
declaratives^OO/o) and a low frequency pf imperative forms. 
> The latter was dominated by the lexical items, "see" and "look' 
In addition, the mothers, at times, appeared to fulfill both 
roles of dialogue. From a total of 776 question, 91 (12%) 
were answered by the mother herself.. 

The purpose of the pres-ent study was to obtain a de- 
tailed structural description of the types of questions 
mothers direct to their infants during the first 16 weeks of 
life in home and laboratory conditions. We were also inter- 
ested in analyzing the patterns of repetition within the 
corpi, the frequency of m^hers answering their own questions, 
and the frequency of infant;, vocalization following question 
form presentation. 
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*aoxo xo, .vacegories tor question forms and examples of mothera' 
directed language during the fir%^ 16 weeks -of life. 



child- 



Wh-Questions 
Formal j 



Deleted : 

Formal 
Tag 



Interrogative 
Reversals 



1, What do ya see? ' 

2, What are ya lookin at? 

3, What ya doin down there? 

4, Who's over there? 

5, Where is your blanket? 

1. Huh? (meaning what did^ 
.you say? ) 

1, What'sa troubles?. , .Hrom? 

2. What happened to all 
those smiles we had 
yesterday?. . .Hmm? 

3« Where do all those 
great big eyes come 
from?.;. Huh? 

4. What you doin down 
there?-. ..Huh? \ 

5. Who's over ther^?, . .Huh? 



Do Suribort 
Qiiestiohs 

Formal : 



Formal: 



1. 
2. 

3- 
4. 
5- 



Deleted: 1, 

2. 
3, 
4. 
5, 

Formal + 
Tag 1. 



3. 
4. 



Deleted -l- 
Tag 1. 



3. 
4. 

5. 



Are you getting sleepy? 
Aren ' t ya gonna be good 
today 7 

Is that Marsha there? i 
Is that what you want? ^ 
Would you repeat that 
please? 

You gonna walk? (■ Are 
you gonna walk?) 
Ya gonna make a speech? 
Having a bad time? 
Watching' his one? 
Gonna turn' over? 

S 

Will you wake up and 
smile a little bit? 
...Huh? 

Can ya stick your tongue 
oqt?. . tHuh? 

Is that better?. . .Hiran? 

Would you like everything " 

clean on?... Huh? 

Is that your problem? 

. . .H\lh? 

Ya *gonna go to sleep on 
Marsha again? .Hmm? 
Well, you gonna do 
some tricks?. . .Hmm? 
You ready to go bye- 
bye? Huh? 

You gonna take a nap? 
. • . Hmm? 

You gonna talk some . 
more? . . .Huh? 



1. Do you hear that? 

2. Do you see anybody 
in there? ' 

.3. Did you call? 

4. Do you see that, 
Mandy? 

5. Don't you wish you 
never had to wear 
clothes? 

Deleted: 1. See Marsha's head? 

(Do you see Marsha's 
head?) , , 

2. You want him? 

3. Ya know that? » 

4. Ya want your hair 
' combed? 

5. Wanna sit up a 
minute? 

.. Do ya wanna hold 

this?. . .Hmm? . 
;. Now do you think 
Marsha wants t^o 
hear that?,.. Hmm? 
. Do you know where it . 

came from?... Hmm? 
. Don'tcha want to ^o 

to sleep?. . .Hmm? 
. Do you think you can 
fit both those hands 
into your niouth? . . .Hmm? 



Formal 
Tag 



Deleted 
Tag 



1« You see anybody., in 
there?. Huh? 

2. You see anything you 
like there?.. .Huh? 

3. Wanna go to the lumber 
yard?. ..Huh? 

4. Anything to say 
today ? . . .Hmm? 

5. You "agree?. . .Huh? 

Supra-segmental 

Questions 1. You're not talking? 

2. They did? 
^ 3. No smiles at all today? 

" • 4. Nothing better to do?' 

5* Nothing raOre? 



Formal Tag 
Questions 1. 

2. 



Multiple Tag 
Questions 



2. 
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You're not going to go 
to sleep, are ya? 
You just forgot a 
couple of syllables, 
didn ' t ya? 

Well you're learning 
how to reach for things, 
aren * t cha? 

You've been keeping to 
yourself, haven't ya? 
You want to have a 
nice clean bed later, 
don't you? 

You're not goin«^ to 
go to sleep, are ya? 

Huh? 

Can you get up on 
your knees. Huh? Huh? 
Can you tell me more, 
Hmm? Heh? 

Where did you get those? 

Hmm? Rtuti? 

Can I have a laugh 

this morning? Huh? Huh?^ 
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2. Method 

Question forms were derived from transci-iptions of 
Home and Laboratory recordings (See Sections III, B, 2, a ' 
and III, B, 3 of this report) for mothers of first-born 
infants between the ■ ages of 4 and 16 weeks. This time 
span was separated into three periods including 4 to 7, weeks 
(Al), 8 to 11 weeks (A2) and 12 to 16 weeks (A3). 

Five major structural categories were wh-ques tio'ns , 
interrogative reversals, do-support questions, questions 
marked by suprasegiribntal intonation cor^our only, and tag, 
questions. Within each of these catego^i^s, subtypes in- 
cluded (1) formal - the surface form of the question met the 
requisites for st:|puctural completeness; (2) deleted - utter- ^ 
ances where 4jrie or more constituents, were omitted from th^ 
surface form; and (3) formal plus informal tag - question - 
forms followed by utterances such as , "huh" or "hmmm". Other 
modif icationS' or combinations of these classifications and 
examples of each are providl^d in ' Table 

Child-directed language is characterized by a high rate 
of repetition "(Broen, 1972). The re'^ul'ts of our own pre- 
liminary work indicated that mothers' of infants during^ the 
first 2 months of life showed a repetition rate of 28% for 
questions (221/776) in various forms. In the presen-t study, 
a question was classified as a repetition if it contained the 
same or similar meaning as the one preceding it. As shown in 
Table 19, the subcategories of repetiton included (1) exact, 
(2) deletion, (3) Addition, (4) paraphrase, and (5) ^syntactic 
adju^irment. 

\ A repetition was classified as exa'ct if no syntactic or 
lexicral/alterations were made. Vfl^en a repetition was char- 
— "ZKCtg/ij^ed by a loss or addition of information carried in the 
ini tianNutterance, it was classified respectively as a dele- 
tion or addition. Syntactic adjustment involved transforma- 
tion |)f internal constituents without alteration of the question 
form. A repetition which contained the same information as the 
preceding ques tion, li^ut was stated-in a different manner, was con- 
sidered to be a paraphrase. The frequency of question forms, 
repetitions, answered questions, and the number of times infant 
vocalization followed presentation of a question form was tabu- 
lated for each mother in home and laboratory samples. A tot^ . 
of 1700 questions were analyzed inc^^uding 1026 from the 'first 
mother and 6 74 from the second 

3 Resyl ts . . ' . ' 

As shov/n in Table 2 0, wh-question forms showed the 
highest frequency of occurrence followed by interrogative 
reversal, dc-support, tag and suprasegmen tal question forms. 

V Little difference was shown in the comparison of the frequency 
of these question forms between home and laboratbio;^ co.iditions 

with the exception of do-support questions which occurred more 
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Table 19* Categories of * repetition questiori forms and examples 

from child-directed, language during the first 16 weeks 
of life for two mother^. ' r 

Repetitions 

Exact: 1. Are you getting sleepy? Are you getting sleepy? " - 
2. What are ya iookin at? What are ya Xookin at? 
3* What do you say? What do you say? 

4. What you doin down; there? What you doih down there? 

5. Is that the best you can do? X>s - that the best you 
can do? 

♦ 

. Deletion: 1. Ya- gonna go to, sleep on Marsha again? .Huh? 
To sleep? 

2. Will you wake up and smile a little bit?. Wake -up 
and smile a ^little bit? 

3. Is she gonna go for a little ride today? Is she 
gonna go for a rrde? 

4 . Ya ^want your hair combed? Wan^^your hair combed? 
5, What do you say this morning? What do you say? 



Additions : 



Paraphrases 



1, What happened to all those smiles we had yesterday? • 
What happened to all those smiles and talkin we ^ 
had yesterday? ^ I 

2: Gonna take it? Gonna take the bottle? 

3 . Are ya^ saying, hi?' Are ya saying hi or I? 

4. You Iookin at the light? - Are you lookin at the light 

5. Anything interesting? Do you see anything interest- 
ing this motning? 

' f 

1. 'What do you see over there? What are you lookin at? 

2. Who's that? Who's over here? 



3* This is something like yours, isn't it? Is this 
something like your? 

4, Your 're not talking?' Aren't you talking today? 

5. Does want to go for a little ride? Is she 

going for a ride today? 

Syntactic . . r 

Adjustment^ What is that? .Well, Vhat was it?. 
: 2. Dance for her? Dance for us? 

3.. What are thos-e, ^?.,.Huh? 

What are these, ?...Huh? 

4. Shall we change your bottom? Shall we change it? 

5. What are you ^struggling aboi^ff^ What are you 
struggling for? 
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Table 20. Frequency, of" occurrence of five major types of 
question forms presented to two infants during 
the. first 16 weeks of life in home and laboratory 
conditions . ' ^ 



Frequency of occurrence 





Laboratory 


Home 


Total 


% of Total 


Wh-quest ion - 


384 


354 


738 


43 


Interrogative 
Reversal 


. 178 


243 


421 


25 


Do-support 


193 . 


158 - 


351 




Tag 


63 


99 


162 


9 


Supra segmental 


10 


18 


28 • 


2 



frequently in the laboratory^ condition and interrogative re^ 
versals were considerably more frequent in the home. 

Further analysis showed^ that the mother most often pre- 
sented the children with complete syntactic forms of questions. 
Complete (formal) forms accounted for 69% (1202)" of the ques- 
tions follpwed by deletion of initial ■ cons tituents {14%), the 
addition of an informal tag (13%), deletion plus informal, t^g 
92%), and multiple tags (2%), These findings were consistent 
within each of the major question types examined. 

Resxilts of the analysis -of frequency of occurrence of 
each of the question types over the age range from 4 to. 16 
weeks indicated that for four of the five categories an in- 
crease was shown from Al (4^7 weeks) to A2 (8-11 weeks) 
followed by ,a decrease in the third period A3 (12-16 weeks). 
These categories included wh-quest ions , interrogative reversals , 
do-support and tag questions. ^Only the category of supra- 
(^segmentals showed a consistent decrease over this period. The 
^rioted increase between 8 and 11 weeks may be related to the 
infants' expanding behavioral repertoire. Vocalization^ in- 
creased in over all frequency as did social responsiveness 
shown in behaviors such as smiling and^ f^rototype conversations. 

From the total of 1700 questions, 382 (22%) were re- 
peated by the mothers in some manner. Exact repetition- of 
a pj^evious utterance accounted for 41%, followed by para- 
phrase (29/o), addi tion^l4%) , deletion (13%o), and syntactic 

adjustmont C^./l). Consistent with the increase in frequency 
of question typos during the second period, a higher rate of 
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self-repetititDn was also shown during this period followed 'by 
a slight decrease (Table 21). Exact repetitions and para- 
phrase showed the most dramatic rise from Al to A2 • 

r 

1 

Table 21. Rate of self-repetition of qu^tion forms in 

child-directed language during the first ^16 weeks 



of life 




Al represents 


; the 


period from 4 


to 


weeks , 


A2 


from 8 to 11 


weeks 


, and A3 from 


12 to 


16 weak 












Repetition Type \ 




A2 


A3 


Total % 


tstf Total 


. Exact •, J 


3^1 


69 


58 


158 


41 


Deletion 


14 


19 


16 


49 


13 


y ■ 

Addition 


.11 


16 ^ 


27 


54 


14 


Paraphrase 


20 


54 


35 


109 


29 


Syntactic 












Ad jus tmen.t 


2 


6 


4 ■'" 


12 


.3 



> t 

The repetition rates at home and in the laboratory were quite 
similar. The frequency was 52% (197) for the home condition 
and 48% '(185) for the laboratory. Examination of the repeti- 
tion subtypes indicated that there was consistency with the 
overall analysis for three of the five categories including ^ I 
exact repetition, deletion and paraphrase. Although the fre-^'"''^ 
quency of occurrence was low, parents doubled the number of 
additions in the home condition (36 for home compared with 18 
in the laboratory) and produced a greater number of syntactic 
adjustments in tfte laboratory. 

From the corpus of 1700 questions, 159 (9 .4%) were 
answered by the mother herself. Ana,lysis acr.oss the three 
age periods indicated a rate of 26% (42) for Al, 5 0%«(79) for 
A2 , and 24% (3 8) for A3. Again, the frequency of the mothers 
answering their own questions was similar in laboiiatory and ^ 
home condition. The former showed a rate of 48% (76) and the 
latter 52% (83) . ' * ^ 

"As indicated in the methods section. Ml shov^ed a higher 
overall number of questions in comparison to M2, exhibited a 
higher frequency of questions in the laboratory (5 3% than at 
home (4J7%) , showed less frequent repetition of utterances 
than M2, and answered her own questions about 16% of the time. 
The second motiier (M2 ) Exhibited fev/er questions in 'the labor- 
atory (43/>) than at homo (57/.) , showed a highe^ self -repetition 
rate than Ml, and showed a comparable rate of answering h^r 
own quGStions^ ( 3/' ) • For the first mother, 1*5% Qf all questions 
analysed v/ere ruj^eated in some manner, while the second infant was 
exposed to a ropeti tion rate of 34%. While the proportion of 
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total number of questions answered by the mother was similar 
for the two women, the absolute frequency of occurrence was 
nearly double (105) for Ml in comparison to M2 (54). It ap- 
pears, then, that the second child was exposed to fewer ques- 
^tions, fewer answered questions and greater redundaircy • 
Observatioji of the frequency of vocalization following ques- 
tions*^resented by the mother showed a lower overall rate for 
the infant of M2 (22%):From a total of 182 (11%) vocalizations, 
the first infant produced 131 {12%) and the second 51 (28%). 
A comparison across the three age periods indicated a vocaliz- 
ation rate following questions of 15% (28) for Al, 52% (94) . 
for A2, arid 33% (60) for A3. Corresponding to the principal 
investigator ' s subjective impression, the infants were more 
vocal in the home (57%) than in the laboratory (43%). 

4. Conclusion : X • . 

^ ■ In summary, questions f^resented to childrep by 2 mothers 
during the first 16 weeks of life are most often syntactically 
complete, are characterized by a higher percentage of wh- 
types ii\ comparison to other forms,, are repeated about 22% 
of the time most often exactly, artd are answered by the mother 
herself about 9% of the tirne.^ A comparison of the three 
periods within the first 16 week^ indicated that the time Sfe-' 
tween 8 and 11 weeks, when the infant is displaying increased 
vocalization and an expanding behavioral. repertoire is as- 
sociated with more frequent questions presented by the mother, 
more frequent repetition of questions and a higher rate of 
the mothers answering th^ir own questions. Although the total 
number of questions directed to these two children was similar 
.in home and laboratory condj-tiohs, as was the ra^te of self- 
repetition and answering, there were differences in the fre- 
quency of specific Subtypes of question forms and the amount 
of information provided by the mothers through their questions 
Baseci. on a low frequency of occtirrence, the mothers more fre- 
quently added information to self -repeated questions in the 
home *:ondition. Stylistic differences were shown in that the 
mother of the more vocal infant produced a greater ;;iumber pt ' 
questions, more often answered her own questions, And repeated 
herself less often. The results of this s€udy should be con- 
sidered t'o be preliminary at this time because of the small 
number of individuals involved and the limited, samplimg periiDd 
Nevertheless, this data contains valuable descriptive informa- 
tion in relation to the linguistic environment of the young 
infant which will be furthe r- analyzed in a ^longitudinal para- 
diqm* 
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B. Study II. Structure, Function and Content of Parents' Child- 
Directed Language: A Comparison Within and Among 
Couples (Zlatin, M. A. and Phelps/ H. L.) 

!• Introduction : 

The background information in relation to the character- 
istics of and factors related to child-directed language dis- 

J played by parents during the first tw9 years of their children's 
lives has .been provided in the ^ introduction to the previous 
• study (Section IV, A), Although therp is a growing literature 
describing the features of mothers ' child-directed language, 
there are comparatively fewer involving fathers (Rebelsky and 
Hanks, 1971; Gia>ttino and Hogan, 1975). In a'dditiou, to our 
knowledge-, there has* been no study to date which h^s simul- 
tafteously examined both a child ' language acgauisition and 
his immediate linguistic environment; that iifT both the child 
and the parents studied as a family unit over the first two 
years . . 

The purposes of the present descriptive study ^^J9Sto;e to 
attempt to code and quantify three large aspects of ora*l lan- 
guage interchange between children and tHeir parents — / 
structure, function and content. ' Although lingui'stic structure' 
has been examined in some detail, it was necessary to evolve 
a preliminary taxonomy for function and content. In addition, 
tl\is study addressed itself to three major questions: (1) What 
effect does altering the experimental conditions have on parent 
language? (2) Are there differences in child-directed language 
between mothers and fathers in relation to structure,, function 
and content? (3) What are the potential e^ffects of the child's 
language on 'his/her parents ' linguistic behavior? • 

2. Method: . • ' 

/ 

Subjects 

U At th-e time of study, three of the four infants were at 
Stage I (Brown, 1973) in their language development and the 
fourth child was at a preverbal . stage. J, age l;21.6,*(one year, 
21 weeks, 6 days), showed primarily single-word utterances with 
two-wordcombinations emerging (e^g. "get down") , s^lf-repetition 
of undirected single words with variations in intonation repre- 
senting phonological play, extensive facial expressions, and 
was highly imitative. He engaged in manipulative and func-^ 
tional play. A, age 1;14.3, exhibited an extensive single- 
word vocabulary, infrequent 2- and 3-word utterances, 
phonological play in the form of . rhythmic syllabification^ 
and appeared to quite 'conversational' ,in that sKe both 
. answered questions aird gave directions. age l;25-3. 



exhibited primarily jargon, single Vords, infrequent 2-word 
coirfDinations , and engaged in some phonological play. G, 
age 0;42»0, was at the preverbal stage. He exhibited some 
reduplicated syllables, vocalizations characterized by a 
variety, of syllable types, and extensive nasals. He was ^at 
the stage of scooting behavior aad was beginning to crawl, 
play was characterized by manipulation and ^mouthing of ob- 
jects and Extensive visual scanning. 

Procedures ' ' ^ , 

Each parent was seen '-for two half-hour 'interactive ^ 
sessions on successive days in the infant laboratory , a 
naturalistic , playroom with a 4 ' by 6 * one-way mirror. On 
the first day, the parent interacted wi'th the infant for, a • 
half ho^ur of free f^lay. On the second day, the parent/child 
interaction- was under similar conditions, but the parent was 
given a series of ins truct^ions which related to a sj^ecific 
set of activities that the child was to be engaged in. The 
activities included feeding the child pudding , showing him 
a book, .presenting a set of selected stimulus cards, playing 
with body parts, ^ and playing with toys proxTLded*' The toys 
and, furrvis/Fiings, in the room were, identica^l under both con- 
ditions. 

The sessions were recorded on audio and video tape. A 
live corresponding narrative was made on the second chamel'^ 
of the audio recorder'.*. ■ Ail -instrumentation (Sony Video 
Cameras AVC-3200 and 3500, Sony Special Effects Generator 
SEG-1, Sony Video-corcier AV-3600, TEAC 1230 recorder) was 
outside of the playroom^wi th the exception of individual 
microphones (Sony Electret ECM-50) worn by the parent and 
the cKild. ^ ^ • ; • 



A tiotal of 1600 utterances was analyzed which xncluded 
100 from 4 mothers and 4 fathers in free play and directed 
play conditions. Structure was analyzed £rom written tran- 
scripts, whi^e function and content were determined from a 
combination of- the transcript^ and video tape re(2ordings. 
Mean length of utterancai^s calculated by computer (ESSAY 
Program developed by Alden Mo and^e^ssociates ) . 

The categories for structure, function and content are 
presented in Table 22. Under structure, incomplete sen.tences 
greater than one v)ord were designated as constructions* (e.g. 
"and another one"). T-he second category under °f unction -was 
a general^ one which included labeling, locating, demonstrat- 
ing (e.g. "This is ^ how it' goes . *' ) , and ^attributing I The 
category of self-talk was -developed from our preliminary ob- 
servations; that somo__Q£^-fe4^e--Tp^irents ' utterances, although 
possibly directed tov/ard the child, appeared to reflect ex- 
ternalized thought processes. These were found most often 
tQ/ be characterized by ,greater|p length and by more *exotic^ 
v^abulary items*. Some examples listed on the fdllowing 

page: 

■ . ■ . ■ . • ♦ • " 



Tab']?e i2. Structure, function and conl^ent cat'egories for 
parents* chiM'-fiirected language . ^' 



btriacuure 


Function • 


Sfinal p words 


Questions • ^V/^ 


(Constructions ' 


LalDeliria + 
^ ^ i ^ ~] 


Declaf'rative 


Positive 


Statements 


Reinforcement 


imperatives 


Self- talk 


Questions 


Affective Mood 


V • 


Onomatopoe t ic + 




Games and Rhvmes 




Denia 1 




'At tent ion -not ting 




Nondijrectives 




- Reports 


1 ■ 


Modeling Social 




Behavior 



Content 



' Inanimate objects 
Motor 

Social \^ 

jj Sensory. 
Affective 




«v* * 

* ' I think Mother Goose has her stories mixed up. 

You're in rare form tod^y. 

You're rambunctious today. * ' , 

What are you investigating? 

r I've got a deal you car^'t re.fuSe. 

"I'm gonna enroll you in mechanical engineering. 

You're not really paying attention to i^le, are you? 

t 

Other utterances which werte classified as self-talk included 
a subcategory where parents appeared to be talking for the 
child superimposing an externalized thougHt process. Ex-" 
amples include: 

Say, I don't know what those things are, Mo^ 
Say, big deal. ^ ^ 
I'll just get it myself, Dad. 
. * No kisses for Mom? Is that whatlyou say? 

Under functioh , conveying affective^ mood o\ the parent in- 
cluded utterances such as, "oh!'', "wowi", "aw", ;'oiich", and 
, "Oh my goodness." The next catpgoty included onomatopoetic 
sounds andf ins tances^^hert thq 'parents ascrilSed' sounds to in- 
animate ol;jGCt.s such as/ "brrr" for motors, "meov/, beep-beep, 
boom, bzzz, ring-ring" (for the telephone), and "That bear 
say^ I wanna bo your friend." The next function category in-*' 
volved statements denying the trOth value of lexical forms or 
statements and denial\^of the correctness of a phonological. 
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'form (e.g. "No, that's a pluto, " "That's not mommy's knee.") 

The last three categories were attention-getting nondirectives 

such as calling the child's name, reports involving statements. 

which- dealt with objects, events, ^ and/or people displaced in 

time or space from the immediate situation, and modeling 

social behavior such as talking on the telephone, 

* 4 

The categories for- content included: (1) inanimate ob- 
jects, (2) motor, e.g. "Sit down. Clap"; (3) j^ocial, e.g. 
"good girl", games and rhymes; (4) sensory, e.g. "look", 
"What do you see?"; and (5) affective, e.g. "Are you tired?" 
"You think you're so cuto . " ."What 's the njatter?" If an 
utterance was associated with more than one content category, 
multiple , frequencies were tabulated. For example, the 
•direction, "Look at the book." would receive a point for the 
sensory category and a point for the inanimate object category. 

3 . Resul ts and Discuss ion 
Experimental Conditions 

The effect of imposing structure by giving the parents 
direction or specific activities to engage in during a play 
situation made more of a difference for fathers than for 
mothers. ^Analysis of the total number of utterances for the 
entire session revealed similar rates of verbalization be- 
tween the two conditions for the mothers and specific analysis' 
indicated similarity in the number of questions, rate of. imi- 
tating the child's utterances, and expressed positive rein- 
forcement. Ono mother verbalized her awa^reness of the imposed 
directions. Following a display of resistance, she stated, 
"Guess P shouldn't force ya to do things. Shouldn't force ya . " 

-Fathers were more v^Vbal in the directed play condi- 
tion and demonstrated more than a threefold increase in the 
number of times they solicited the infant's attention with 
single words. The observatioA that fathers appeared to pay 
less direct attention to the ahild during Jtihe directed play 
period was reflected in long^:r mean length of utterances, 
fewer directions, and fewer social remarks. All parents 
shov>ed a higher rate of self-talk in the second condition 
which possibly reflected their concern with the impoised 
directions and they less often corrected the child ' s utter- 
. ances . The analysis revealed a somewhai: surprising result 
in that all parents showed considerably more direction in 
the freeplay condition. This was difficult to interpret, 
but may reflect the parents' attempt to impose structure in 
naturalistic conditions and perhaps use other tactics when 
given specific activities to do; that is, they would sometimes 
pretend thai thr-y wanted to road a ..book to attract the child's 
attention. 

Compari-son r^f McjtJujrs and. Fathers 

Mothers and fathers were quite similar in their use 
of single words, quust.ions, and reference to inanimate 
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objects and the child's affective behavior (Figure 7). In 
comparison to the fathers, mothers, as a* group, made more 
frequent reference to the social situation, evidenced a 
greater number of utterances which pertained to sensory 
function, engaged in considerably more child games, rhymes 
and songs,- imitated the child's utterances more f re quently , 
gave more expressed positive reinforcement, and more often 
used words conveying their own affective mood. Mothers also 
displayed a greater variety of ways of attracting their chil- 
dren's attention. They engaged' in more self-talk than fathers 
possibly because more contact with the infant conditions a 
higher frequency of exLernalization of th^ir own thoughts. - 
The mothers' teaching strategies were reflected in a greater 
variety in content of their child-directed language. Even 
though the MLU for mothers was slightly higher than for 
fathers (Mean MLU for Mothers = 3 •54; Mean MLU for, Fathers 
= 3 •45) , the former displayed a higher frequency of single 
words and constructions indicating that they^^more often re- 
duce their' language input to the child to effect learning 
or a response . ^ 



Figure 7 . Comparison of mothers' and fathers' child- 
directed language for percent of utterances in 
ftve major content categories • The categories 
include Inanimate Objects (10), Motor (MO), 
Social (SO), Sensory (SN), and Affective (AF). 




10 MO SO SN AF 



Content Categories 
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, From the analysis of 'content (Figure 7), we saw that 
fathers made more frequent reference to motor behaviors 
possibly because this is their most typical kind of inter- 
action with their children. Fathers additionally appeared 
to be more directing than mo.thers in their attempts to con- 
trol the infant's activities with fewer available strategies* ■ 
The description of the fathers may leave a mi^impression . 
It is necessaif^ to consider that the reductions in various 
behaviors described may be related to le'ss famij.iarity with 
the experimental situation as well as. to variations ^in style 
of interaction as ^the fathers came into the laboratory con- 
siderably less often than the mothers • Future studies wiM 
compare the parents' linguistic style from home tape record- 
ings in addition to those solicited in' the laboratory to 
reduce the potential bias imposed. In addition, we also 
need to consider cultural effects in determining the differ- 
ential roles played by the mothers and fathers which affect 
their interaction behavior and the extent to which various 
behaviors will be displayed in public. 

The greatest within-couple consistency was shown- in 
the frequency of questions for both structure and function • 
as well as in the analysis of content. The latter finding 
indicated that individual infants had one of the most 
striking effects, on this aspect of their parents' linguistic 
behavior. 

Child Stage/Parent Language Correspondence 

Historically, the effects of parent-child interaction 
have been viewed in a ynidirectional manner. We^ are all 
familiar with statements such as, "The parents condition 
• the child to . . . ." In 1972, Lewis and Rosenblum edited 
a book entitled, THE EFFECT OF THE INFANT ON ITS CAREGIVER. 
The papers included clearly demonstrate the changes in 
thinking in recent years. There is a reciprocal, bidirectional 
relationship between the parent and child where both partners 
exercise mutual regulating influences on each other . The 
findings' of the present descriptive study indicate that lin- 
guistic and' nonlinguistic factors, as well as developmental 
level of the child, influence the structure, function, and 
content of pa rent- language . 

Parents of the most 'referential' (Nelson, 1913\ child 
in the study wl^o additonally showed more advanced linguistic 
development at the time of study, asked a greater number of 
qi£Stions than other couples and more often appeared to ex- 
pect a response. They showed the fewest instances of self- 
talk, and gave their child the fewest directions. Pare^nts 
of the child who exhibited a significant amount of jargon, 
asked %e least number of quest ions , showed the highest fre- 
quency of onomatoix)etic sounds and attribution of sound 
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producing capabilities to inanimate objects, and showed the 
second highest number o^f directions following the parents of 
the . preverbal child. Thei parents of the youngest child in 
the study exhibited more single words with a notably higher 
frequency of single-word directives, a greater number of 
affective content remarks concerning thq infant such as, 
"How do' you fell?" and "Are you tired?"^ They also showed 
more frequenct .exclamatory words conveying their own affec- 
tive mood or state of surprise such as, "wow" and "oh boy". 
These utteranq^s were highly inflected aiid possibly served 
as attention-attractiq^g devices. These Jpafents additionally 
showed the least frequent social content egid modeling re- 
marks. * 

Analysis of the total number of utterances for both 
experimental conditions indicated that the more advanced the 
child was in linguistic development, the more verbal the 
parents. These results appeared to correspond with findings 
from the investigation of questions presented by mothers dur- 
ing the first 16 weeks of life. That is the mother of the 
more vocal infant produced a greater number of questions. . 
These statements do not imply a unidirectional causal relation- 
ship. That is, 'the more verbal the parents, the more vocal 
the child' could just as "easily be. interpreted as 'the more 
vocal the child, the more verbal the parents.' 

The analysis of both child-directed language and self- 
talk indicated that -the affective state or 'mood' of the 
child and the infant's primary style of interacting with his 
world of people and objects influenced the content o£ his 
parents' language. One child in the study had evidenced 
somewhat advanced motor development and had been quite active. 
His parents showed a- markedly higher percentage of utterances 
involving movement in comparison to other couples. In con- 
trast, the youngest child's motor development had been slower 
and his dominant mode of interacting with his world has con- 
sistently been more visual. His parents evidenced a higher 
proportion of sensory-related remarks particularly involving 
the^visual modality. The influence of the child's cognitive 
development was also felt to be reflected in the low number 
of reports or mention of objects, events or people displaced 
in time or s'pace from the immediate situation. The parents' 
reports most often involved disapppearance of an object or 
the other pajfent, a rather temporally^-immediate event. 

Structure 

A3 shown in Table 23, the analysis of mean length of 
utterance by word count shows 'a trend in'dicating a positive 
relationship between the child's language development and 
his/lier parent::' MJ..U; hcj.vcvor, it v/as f:ult that the three 
older cliildron were too homogeneous to reveal substantial 
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differences* Although the 'results of the analysis comparing, 
fathers and mothers indicated that the latter showed slightly 
^ longer MLU, it can now be seei;i^_tiiat this was true only for 
the parents of the youngest child* In all other couples, 
mean 'length of utterance was greater for the fathers than 
for the mothers* 



Table 


23 . Me&n 


Length of 


utterance by word count 


for pardn'ts 




- child 


[-directed 


language in 


freeplay and 


directed 




■ play 


conditions 


- 


T 




Child 


Parent. 


Freeplay 


Directed 


Individual 


Couple 






tidy 




Total 
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I: d L. I It;::!. 




3 .78 


3 .68 




M 










4 




Mother 


3-26 


3.96 


3 .60 


3.64 




Father - 


4-00 


'j .67 


3 .84 
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Mother 


3-37 


4.03 


3.70 


3-77 




Father 


.3-27 


3 .57 


3 .41 




A 














Mother- 


3 .03 


■ 3 .56 


3 .29 


3 .35 




Father 


2-72 


1 

3 .06 


2-91 




G 














Mother 


3.46 


3 .74 


3-61 


3-25 



The structural analysis revealed that questions occurred 
■^iflost frequently, followed by single words, declarative state- 
ments, imperatives, and constructions (Table 24). Although 
questions occurred most' frequently, they functioned in a variety 



Table 24. 


Structural analysis of parent 


child-directed language 


Structure 


Total Number of 


• Percent of Total 




Occurrences 





Question 
Single words 
Declarative 
Statements 

Imperativijs 
Constructions 



547 
413 



406 

3 2G 
3 00 



28 
21 



20 
16 

15> 
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o£ ways — to describe attributes (e.g. "Isn't that cute?"), 
to give directions (e.g. "Why don * t you throw the ball?"), 
to describe motor 'activities which the child was already 
engaging in (e.g. "Are you climbing?"), and in self-talk. 
Most often, the parents did not appear to expect a response 
from the child with the exception of the parents of the child 
most advanced in linguistic and conversational behavior. 
Lack of expectation of a response seems to result in a high 
rate of questioning, using informal tags (e .g . huh? hmm? ) , 
self-repeating, and a high frequency of parents answering 
their ov/n questions. 

The structural analysis further revealed a number of 
utterances which were functionally pre- or postposed, but 
were s tructui;ally discrete. The purpose of many of these 
utterances appeaired to to build additional redundancy 
into the linguistic signal . Informal tags occurred both 
before and after utterances (e.g. "Are ya happyj hmm?" 
and "liiTOT? Shoes?"). Other examples of redundancy include: 

Imitation followed by postposed ct)nf irma'tion r^rnarlc 

"Car. That 's right. "J 
"Rockrock. Yes." 

Preposed confirmation followed by imitation ot expansion 

"Yeah. There's the -peas." 
"Umhmm. ^ar . " ' ' 

"Yes. That's a lid." ^ ^ ^ 



Function 

The analysis of function indicated that questions re- \ 
tained their position of the most frequent type of utterance ^ 
in these experimental conditions (Table 25 ) . The^e were . 

Table 25* Functional analysis of Parent child-directed language 



Function 



Total Number of 
^ Occurrences 
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Questions 




53 3- 
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Labeling + 
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" Directions 
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followed by labeling, attributipn, demonstration, and direc- 
tions. The remaining . categories show a disproportionate 
drop in frequency in comparison to the three maj-or classes, ^ 

As in previous studies of child-directed language 
(Brown and Bellugi, 1964), a high rate of selective parent 
imitation of infant utterances was observed. Imitation 
served a variety of functions which could be interpreted as 
language-^teaching devices. Some of these ' included confirma- 
tion of a lexical item, questioning a lexical item or re- 
questing clarification, maintaining vocal^verbal contact 
with the child, and modeling behavior for role interchange 
as a speaker and listener. A high &requency of the word 
"no" in- parent child-directed language also serves various 
^functions such as denial of the truth value of a child's 
utterance and directing {no=stop) , From these observations, . 
. we concur with Crystjal (1975) in that function of utterances 
cannot be derived from lexical items and/or structure alone. 
The nonverbal context, paralinguistic, and pr'osodic features 
must be known; anc^ even then, a degree of subjectivity .per-- 
sists in the interpretation of intent, 

4 • Conclusion : 

^ The results' of this descriptive study, we f eel , 

A demonstrate the value of examining family units including 
P^^^^^^^-KVother , father, and chij-d* Analyses of structure, function, 
V anO^content showed variations for .different experiment;al 
conditions , var iatioris between mothers and fathers , and 
variations which appeared to be related to individual chil- 
dren. Parents bring considerable communicative experience 
to the interactive situation with internalized models of 
dialogue. We make the assumption that they are linguistically- 
adaf)tive depending on the effectiveness of th^ir communication 
with a listener, that they* have a variety of str^egies avail- 
able to communicate intent, affect, and meaning, and that 
their adjustments affect the language development of th^ir 
children* 
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VI. RESEARCH STATUS: THE EVOLUTION OF CONVERSATION 



V 



Study I: j Parent-infant interactive uttfei;-ances : an ex-- 
eimlnation. of silent pause intferva.ls (Zlatin, 
M. A. end Whitman, I, A.) 

1 . Introduction : 

During the early months of life, infants and their 
mothers have been observed to engage in interactional be-- 
havior that has the quality of conversational interchange 
(Bateson, 197L; Hunt, >1972; Lewis and Freedle, 1972). Al^ 
though ^ome degree of^vocal contagion (Piaget, 1952) may be 
present, these 'prototype' conversations appear to consti-- 
tute a type of soeial interchange Srom which language 
structure and function may be derived (Bruner, 1975). That 
is, they may serve to assist the infant in his development 
of communicative awareness by establishing the auditor^?- 
vocal circuit as a viable means of information exchange. 
These early exchanges may be initiated by either the mother 
or the infant and are characterized by one <^r more sequences 
of three events — initiator vocalizes, vocaT'response from 
the coparticipant, vocal response from the initiator (Lewis 
and Freedle., 1972; Tulkin and Kagan, 1972). It is evident 
that both participants are engaged in mutual regulation of 
each others behavior (Moss, 1965). 

The purpose of this preliminary study was to examine 
the duration, range and » variability of pause intervals which 
characterize prototype conversations from their emergence 
for one infant. 



2. Method: 



The infant selected for study was one of four children 
who displayed the earliest emergence of interactive proto- 
type conversation^^. Video and audio tape recordings of th^ 
first four laboratory sessions for this infant were observed 
and scrutinized for the presence of this behavior. (See 
Section III, B, 3 of this report for detailed description of 
recording procedures in. bie laboratory.) Both the mother and 
the. father were individually involved in these sessions with 
their daughter. , 

An interactive jDrototype" conversation was defined as 
one in which: 

1) the minimum number of components is three and the 
initiator may be either the parent or the infant, 
i.e. moth9r^infant/mother or infant/mother/infant; 

2) the maximum pause time between vocal' behavior ex- 
hibited by each participant does 'not exceed 15 
seconds^ wi thin a sequence; 
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- i 3) the participants maintain the same basic body 
^ p^Jjltion and/or motor behavior; 

4) the maximum number of complete relj^ted 'ideas 
vocalized by the parent does not exceed 5 prior 
to the infant * s , onset of vocalization; 

5) the general topic of conversation exhibited by 
the adult participant remains essentially the 
same throughout a given sequence; and 

6) eye contact between the participants is sustained 
' througliout the interaction. 

The dates of the sessions, age of the infant and number of 
conversational .interchanges between the infant and her parents 
is presented in Table 26. |N 

Table 26. The> emergence of prototype .conversations for one 
infant for four laboratory f sessions . , 



Date of» Recording 


Age of Infant 
(weeks; days) 


■ Number of Interactive 
Sequences 


1/11/74 


5, -5 


, 0 


1/16/74 


6;3 


2 


2/ 8/?4 


9;5 


18 


2/22/74 


10; 2 


24 



» V 

A coding system was devised to designate the number of com- 
ponents iri an interaction. An interaction consisting of the 
minimum three components was coded as M; a number preced-' 
ing M incucated the total number of minimum components in 
the seq^uence. Thus 2M denoted an interaction containing two 
minimum components ot 6 units; 3M signified thrqe minimum 
components' or 9 units in the interaction,, etc . Additional 
components to ^the minimum were indicated by a plus. Tharefqre 
a code of M -f 1 was equivalent to an int.eraction containing 
the minimum of three components plus one additional unit, and 
M -f 2 represented , the minimum components plus two additional 
units, etc. The 'example that follows has been included tf?) 
illustrate the typical coding used in an interactive sequence , 
the nature and content of a typical interaction, and the pause 
time boinq measured. Tliis interactive sequence contaip.s tv/o 
minimum coir.ponun ti-j pluLJ one additional unit and six- pauses. ' 
In accorddncb v/i th the aforefnentioned coding system, ptl^.3 
proper code for this ^particular sequence is 2M^^+ 1 . ' 
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M: Hi A ! . 

( Pause ) 
I : Vocalization ^ 
(Pause) 

, M M: Hi pretty girl* 

What ya doing? 
y . Huh? 

(Pause) 

M + 1 I: Vocalization 

* (Pause) 

^ M + 2 ^M: A 's a pretty girl^. 

You're a pretty girl. 
(Pause) 

2M I: Vocalization 

(Pause) 

2M + 1 M: You're a pretty girl! 

Yesi 

You ' re a pretty gir 1 ! ^ 

\ -J Interactive pause time was computed from amplitude tracings 
(Na^ra III, NP 65-6000 recorder; Beckman RS Dynograph). Multiple 
tracings of selected sequences were m'ade fpr estimation of reli- 
ability and in instances where there was uncertainty regarding 
the initiation and/or termination of utterances. At times, the 
parent and infant vocalized simultaneously within an interactive 
sequence. There were no instances of overlap in the first two 
Sessions. In session 3, 12 of 18 interactive sequences had some 
degree of c^yerlapping utterances ' and in Session 4, 14 of 24 se- 
quences were associated with this behavior. For statistical^ 
purposes, instances of overlap were stipulated as 0_ and were not 
averaged into the ^illtOtal^ computation of the number 'of components 
in an interaction. ' . 

^3. Results and Discussion ; 

A total of 44 interactive sequences were identified Sor the 
four sessions. . The length of these sequences varied from those 
containing 3 components (M) to those containing .as many as 36 com- 
ponents (12M+1). Interactive sequences that exceeded 6v^,unit5 were 
observed in this infant by 6 weeks *3 days. This onset is con- 
siderably earlier than has bean noted by other investigators. 
Lewis and Freedle ( 1972 ) indicated that shorter interactive se- 
quences were observed in tReir»-inf an ts at 12 weeks of age.\' 

The means and standard deviations for interactive pause 
time tabulated for sessions 3 and 4 are shown in Table' 27. 



79 ■ 



iry^nd standard deviation if 




Table 27. ftean/and standard deviation if pause 

parent child (P-C) and child-parent (&-P) inter- 
active sequences • 



Pause 
Condition 


Sfessioi^^ 


Total, Number of. 
Pauses/Session 

f 


Mean Length 
(seconds) 


Standard 
deviation 


P-C 


3 


1 , ^ — ^- 

71 


.97 




• C-P 


3 


71 


1.16 


.81 • 


P-C 


4 


97 


.90 


1 .05 


C'-P 


4 


97 


.91 


.97 



- ;. . / . ■ ■ . ■ 

From this limited sample for one infant,, the mean pause time 
was very short and the variability was considerable • Piear son- 
Product-Moment correlations between pause length occurring after 
a parent's vocalization and after an .infant ' s' vocalization were 
derived to determine whether, pause length varied as a ^function 
*of the speaker preceding the silent interval • No relationship 
wafiC^ound, for. Session 3 and the resuj^s of the ana'lysis for 
fessibn 4 indicated a very low posit^e correlation. These re- 
sults yere interpreted as indicating that, for these individuals, 
a pausa. duration f ollowing the parent '.s vocalization in an inter- 
active sequence was not related to the pause time following the 
infant • s\?ocalization. Results of an analysis of variance for 
pause 'length between Sessions 3 and 4 also failed to yield statis- 
tically significant differences. It was. felt that the findings # 
from both analyses reflec^lNthe extremely limited sample size and 
large amount of variability X further study following the con- 
tinued development o£ prototype conversations between this infant 
and her parents as well^as for the 'other three childrjpn under 
study is anticipated. The other children also evic^enced the 
emergence of interactive sequences between 7 and 8 weeks- of age. 



VII, Cf)NCLUSIO*S ' 

I ' Tq siimmarize the current status of this investigation and 

derive conclusions, ,we return to the questions posfed in the in- 
troduction involving .when,- where ^ and how to begin the study, of ' 
language acquisition. ^To these will also added the remaining ' 
wh- forms — . what to study and why study this behavior. 

Our prelijninary results indicate that an examination of ' 
this evolution of' language as a form of communicative behavior 
which is closely aligned with^cogriition, most cogently should 
• begin at the beginning ; that is, v/itbin the first month of life. 
From the infant's initial reflexive (sound i^epertoire emerges -.basic 
-syllable-like" structures which^ share ^features with earlier forms 
of vbcalizatioj^i (Stark, Rose and McLagen, 1975) , thus'' demonstrat- 
ing a continuous unfolding process . rather than .one' initially \ 
characterized by disdont inuitV^ *These-basic structures seem to 
be s<iccressivel]/ff elaborated folk owed by a period of discontinua- 
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■*^t ion when ^ the ^ghild shifts his. focus to direct exploration of 
v®cal tract (phonetic/ parartfeters such as direction of the ai 
st4:eam, pitch, ^loudness, and various artitulato;ry gestures. The 
need to begin at the^beginning a'lso reflects our growing appreci- 
ation of change effected in the child's lin^istic and non- 
linguistic environment. Thrqugh an early initiation of stud^ 
we may not. only trace the feature;^ which are salient for a 
ticular infant at different stages of development, but also" 
may trace the evolution of communicative style between parent 
. arid child. 

- ^ ^ • 

With respect to the question of where to conduct the study, 
our preliminary findings confirmed the necessity. of exaijaning the 
infant in a vkriety of social interactive and nonsocial cbndi- 
tions*. Eveo within the first six months,* th^se children dis- 
played differential vocal behavior when they Were al6nB and^when 
they were involved wit?/ people. Wp^ also observed different vocal 
. behaviors, at times-, in the^ infant *lab6ratory compared with the 
corresponding ;behavior^l rfep^Ytoire in t*he home sanqales,' To 
generate a dbmprehens ive d^a base, therefore, it appears to be 
necessary to gather consistent samples o'f the child's behavior 
in multiple settings including the homp where some of recordings 
may be characterized by less than ideal quality, as well afe in 
naturalistic laboratory conditions . In the letter, greater 
quality control can be gafincd. , ' 

Given that we examihe th^ infant -from the fi|?st month of 
life in a variety of settings, whan he is alone, and when he is 
interacting with primary caretakers, how do we proceed to collect, . 
reduce, integrate, and analyze the data in a manageable manner? 
The value of ntu^lyinq a r^mall number of ch^lldren in depth ovd'r 
time within their famiLy units, i.e. including mothers and fathers, 
was conrfirmed! Although this procedure prohibits a single in- 
vestigator ;^j:om cjc^neralizing to lafge populations, the richness 
of the data seeYns wo 11^ worth this initial sacrifice.. Generaliza-. 
tions will, in' time, evolve from comparisons^ among mSny sucl^ ^ 

r ; , - ■ ; 81 - . ' ^. ^ 
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studies using tihis methodology, one WhicK seems to have, gained 
increased favor among investigators of language acquisition in 
^ the. United States and increased respect 'from some sections of 
. the research contmuni.ts^. Our research efforts are attempting to 
find out not only v^;hE^t chil^rr^n lo^arn, but also, how' they learn — 
how beha\/'ior .^evolyes - . ' 

4 . As indicated earlier, diary studies conducted primarily 
^ by Tlnguists (Leopold, 1939-1949; VelteJi, 1943 r Lewis, 1951) 
provided us with some va luable information regjarding the nature 
of change in linguistic behavior; however, the data were-not 
available for rej:)eated scrutiny. This need -has dictated the us^ 
of audio" and vidtio recording for more permanent storage* We 
have al3.0jfound that it^ 13 necessary to secure almost daily 
samples oa^the inf ant ' s"^Mi3Vioif as there are^' some 'aspects of 
^ pp a r a ft^t jf Aipo r t which may"'bej;;5f)resent in, the repertoire for very 
brief pefNiods and rapidly b^ome assimilated. Other vVbiabi^ 
sources of\ data include developmental 1/Jgs where the parents 
maiiintain rfecdtds of^various facets of/the child ' s .behavior as 
they emer^, per iodic interi/iews , ar>d results of formal testing 
procedures! whicl^^^elci inf oiTTna^j-err^egarding the child's auditory 
sensitivity, cognitijT^ mdtor, social and emotipnal development, .. 
^ At .present,, data collection has been Completed for three chil- 

[ ^ — dren and the Vf irst six months of data has been reduced to ac- 
cessible form for all four. The process has been both tedious 
and time consuming; however^ we find ourselves in agreement with 
Hutt and Hutt( 1970) who indicated that, "Regrettably, if werare 
to find out hov; people acLu<!illy behave. • there* seems to be 
no substitute fox j.-tailed and painstaking observation, (p,' 9) 

in response to tli-:: question of what to study, a protocol 
. . was developed to exanine selected aspects of behavior exhibited 

by the- children and their parents which were mostlsalient for a 
longitudinal paradigm; this is, aspects of behavior which had 
the • critical criteriaA^ji^'- tribute of continuity from inception 
'^^ through the usarly plias^fs of the'^child's linguistic development. 
J|feven preliminary substudies which focused on the first twenty-' 
. fPour weeks ^ the .child's life were CQnducted,v including at 

least one in'*>each' of the i^ree major conte.nt ar^as — the*' child, 
the parents, and parent-child interaction, Theydecisions re- ^ 
garding wfiat to study were dictated-by the sp^^fic long-term N 
l^goals of the investigation.^ With>a primary emphasis on the 
•'child's phonological development, fundamental frequency (Fq) was 
' ■ selected so thaL cantrastive intonation eventually could be 
■ , ^xatnined'. ' Cons istent , with the findings of Delack (1975), mean 

* vocal fundamental, frequency characteristics over the first 
twenty-fou»r weeks showed little change, but within-utterance 
range! and v^iabj.l.ij:y do increase. Averaging procedures were 
foundVto mask' the incljvi^^ual variations in Fo'Which appeared to 
\ ' be ass^iate^ .v/i hh sttit r- of.^the inf/^nt, physical activity levels, 
and charsxctoristics 'Of the chiLQ's evolving vocal repertoire. 
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t The second aspect of infant vocalization selected was 

the J>honetic syllab^^ (DavidJ^^n-Nielsen , 1974) which constitutes 
the basic unit of speech production • Since it i,s relatively 
well-"Sgreed that crater.^ for featui\es derived from' adult models 
of speech pi^oddfei^on couJd "hot be forced on the infant. '(Crystal^ 
1975), it was necessary' tr.o evolve a system which could be. tested 
through perceptual and acous t ic/^ricily sis . Results' indicated that 
the phonetic syllable and the^ features derived Wer^^viabTe. 
Listeners who had received necessary special listening training 
in an 'infant mode' could reliably identify syllabicity, peaks 
of promiaence and- j^egmental variations. Perceptual responses 
showed an acceptable co:relation with" the. acoustic instrumental 
analysis for a oolocted sample* Although differing from the 
features developed by Stark, Rose and McLagen (1975)^ the two 
i^ystems seem to be conpatible. It should be xealized, however, - 
that despite the v.-ork done by Nakazima (1962,' 19^6,, 1970, 1972), 
Murai (1961, 1963), aud Stark, among otherST^ investigators ' of 
.infant vocalization are still in their own infancy with respect 
to descriptive feature systems. AlCTOTigh children's utterancea;^ 
have more typically been considered apart, from the situational \ 
pontext in which they occur, .it does not -seem to be advisable 
to continue this pratctice. From the analysis of phonatory 
characteristics '.associated with cr;^^ and noncry types, as well 
as^ from our preliminary observatio^is regarding intonation in 
the second year of life, the situational context seems to be an 
important factor ^ description and interpretation of a child's 
productions. Op.e aspect of the situational oontext involves 
parent child-direct :::d language. . . \ 

We chose to beg:n tiais portion of the study by examining 
question forms presented to tv/o of the children by their mothers 
du\ing the firsts Sixteen weeks of life. ,'!fhis form has been re- 
ported to account for a large percentage of chiLd-directed Ian- ■ 
guage^ in other investigations (Broen, 1972; Snow, 1972 ; Phillips , 
^ 1973 ) . Observation of Questions, furthermore, constituted a 
sourqe . for revealing change a-s the children beqame more able to 
fulfill their cominunicative" roles linguistically in conversa;;- 
tional interaction- A wide variety of question types was pre^ 
sented to th6 children ^during the first period of their 
developments Th^ese w^re often repeated in various forms 
including exact /repetition, reduced, e:^anded, paraphrased or ^ 
otherwise, altered vex'sjtons • , .The moth^tfs, at tijfries'/ answered 
their t>wn'questions thereby fulfilling Doth cTommunicativ^ roles. 
The frequency of quejB tions^increased aa^ the childrefi became more 
vocal. A second study revealed that ques.tions with respedt to 
both Structure and function (i.e. inquiry) occurred^more fre- 
auentlv than anv other cateaorv in the chi?ld-directed lanauaae 
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nuiaber' of factors including situational context in which the 
dyadic and triadic intoractions occurred, the child's develop- 
mental stage as reflected, by his beliavioral ctnd linguistic 
repertoire, the parents' perception of the child's abilities^ 
the parents* owi^:ieedi^ for establishing contact through th'e 
auditory --vocal channel, the parents' internalized model of 
discourse behavior^ tb.eir communicative styles, and' the specific 
preferences exhibited hy their infant. Although we have only 
sampled parent, chi Id-diroc Led language ' during two periods of 
development, wi c }:ixn-coup L'e and within-family styles have emerged 
to provide us wir.l" ,i perspective that could not otherwise have 
been gained. 

The final concent area for which the least direct analysis 
has been complete.] involved particular facets of parent-child 
behavior as they enyagod in direct interaction. It was found 
that^ prototype conversations- (Hunt, ^1972; Lewis and Freedle, 
i972) appeared within the first two 'months of life for each of 
the four children. One objective of this study is to trace the 
evolution of communicative, style between parents and* their chil- 
dren from its inception through the period when ^the infant, as 
previously j_ndj.caLed, first begins to fulfill his communicative 
role as a Irngui^tic paL'caor. The development of communicative 
awareness oh the child '^j part and the ground-^work for opening 
and establishing i 1 aL:.:Iitory-vocal channel as a means of com- 
municationLfor n : ^r-aa 1 1 on exchange seems to be laid in the 
earliest period o :: ^I.o ciiild's life. ' 

•>'■■* (J ^ 

The la.^,t qu-..: u ion^aised in our list is why study Ian 
guage acquisi Liori- Vc have foiz.nd investigators from diverse", 
disciplines interested in tlie problem and each is impelled by 
seemingly drfferer.t underlying motivations. -A linguist, for 
example, may^examine or consider acquisition to advance the 
status of a theory oi JungnaQc as well as to potentially reveal 
.lariguage nniversals ci~,nnr-:on to children from diverse communities 
and differential .1 ai ^n.v ;e-spec i f ic features. An anthropologist 
may share '^.he latter interest with the linguist, but adds the 
* dimension of^viewint' l:v..juage as a transmitter of culture. A 
^psychologist '^la^-- view language in relation to socialization, 
cogriition and K^Jho.t ional development. Educators view language 
as being essentiaX^ f or ^academic achievement; The present study 
was, in part, ini t i^il ly naotivated by the principal investigator's 
6.onGcrn with ident^f icar.ion and treatment of children who were 
suspected of ^vJdencin.-n developmental disability; however, this 
study has beeA conducted v/itli an^ appreciation of each of th^ 
views enumo^ratod abO'^e." - \ 

Ln conclusion, the present study is relatively unique tp 
the ^^ield of lanuuci^ge acquis ition . in that behavior of the chil- 
dren and their parents was sampled in both ecological and manipu- 
lative environments -providing a large data base which is now 
, available for repeated scrutiny, o From this data, objective 
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measures jtere developed to describe the features of the infant's 
emerging jP^Dund system. Wo have just begua to relate these 
features to other ^ ji>foldiri:i aiij.)ects pf the child's behavior in 
the context of his inii'-xli.i ^ linguistic and nonlinguis tic en- 
vironn^ent. 'This, v hopo, >v:ill allow for potentially stronger 
interpretative pov/er chan when a child's behavior and the char- 
acteristics of his on- '.ronmeni: are examined in relative isolation. 
We are compelled to consider language acquisition from' the view- 
Npoint of an interactive process in v/hich the child and his parents, 
while independent, ar : rl. _: ;jrii:cipals in a ^reciprocal mutually- 
regulating rolations i i::. T:.:: t.:volat:ion of a theory of language 
and the develop:u.i/ a r:u>l-^i of infant behavior with adequate 

descrlpt•iv^^ spue.:. : lA-a t i^^-i w}\l call for devoted efforts by many 
individuals. It :a.% ot:civb.<on said that one of the most dif- 
ficult assignments tli ir. cai:: bo offered co man is that of con- 
templating and concL:p;:,ualizia.j his own 'nature, 'This seems to 
be at the hoai't of '-ho ta.-:k v/o have set for ourselves in examin- ' 
ing ^tlio evoluriori L i:v|uago spec^if icf^Uly by initiating study 
in tlio earlies|^ pi>r/ of infancv". 
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ytilization. Activities ' ' \ 

AltKough we are still in the process of further reduction 
of data and. analysis , the results thus far gleaned from ' this 
investigation have 'Been utilized for furthering research efforts, 
primary educational purposes, as well as for continuing educa--^ 
tion. As the principal investigator is a member Of a university 
faculty involved in training of undergraduate and graduate stu- 
dents, the video tapes secured have provided a rich' source fpr 
olassrooni observation of infants during the first ,tw.o years of 

ife and of parent-child interaction. Categorical classifica-- 
tion^ systems evolved for the contentive aspects -of the study 
have"'beOn adopted by students in evolving descriptions of infants 
./ho are developing normally as well as of infants who are sus-- 
.jocte.d of Evidencing developmental problems. The mission of ^ 
those individuals involved in research and educational efforts > 
directed toward early identification of developmental disability 
is to potentially, facilitate later academic and social adjust- 
n;eht for individual children who are at risk for problems in 
hoth areas. The principal investigator has disseminat^ed infor^ 
r-ation. gained from the study in professional meeting[s and through 
invited workshop presentations gto professionals involved in edu- 
cation. She has also been asked tp consult in the design and 
- iTiplementation of research in other institutions. In the United 
.states, wo are fortunate that investigators have had a long- 
:.t-an':Un.j interest in deveiopment and have provided us with crdss- 
. .actional normative information for large samples with respect 
-o a number of emergent behaviors during the preschool years ; 

t has beG,n with these ' bonrhmarks * or milestones that current 
: ^.^scarchors are affordqd che opportunity to study fewer children 
: ongi tudinally in greater ,dept n . The investment of both time 
•nd finances appears to be yielding fruit,- as findings from 
riiverse research groups, each o5 which -is examining few children 
:-oth within this Country as well as in other linguistic com- • 
-unities, are providing a rich data base. From this base, ijini- 
.orsal ahd specific features of language, acquisition should 
■ Ltinately be evolv^vi. 
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